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Primary tumor and tumor spread 

Head and neck squamous cell carcinomas (HNSCC) originate from the mucosal 
lining of the upper aero digestive tract. Squamous cell carcinoma is the most 
frequently occurring histological type of tumor in the head and neck as it accounts 
for almost 90% of all head and neck cancers. Important risk factors are cigarette 
smoking and alcohol abuse; especially, the combined use of both is related to an 
increased risk to develop a head and neck carcinoma. Recently, a new group of 
HNSCC caused by oncogenic human papilloma virus (HPV) has been identified 
[10] 
 
The pattern of regional tumor spread is predominantly through the lymphatic 
system to the cervical lymph nodes, rather than haematogenous dissemination. 
Distant metastases will occur almost exclusively after the tumor has spread to the 
cervical lymph nodes. The probability that cervical lymph node metastases are 
present at diagnosis is closely correlated to the etiology, location, stage and 
histology of the primary tumor.  
 
Nodal tumor spread is the most important prognostic factor in HNSCC. 
Therefore, the choice of work up and management highly depends on the extent of 
lymph node metastases, which not only means the presence but also the number 
and distribution of lymph node metastases in the different levels of the neck. Such 
a nodal staging can guide decisions whether radical treatment involving elective 
dissection of lymph nodes is necessary or whether more conservative treatment 
options such as targeted radiotherapy, minimal invasive surgery such as laser 
surgery, and adequate use of combined neoadjuvant therapy suffice. For this 
reason, imaging modalities which are able to visualize the extent of lymph node 
metastases are a crucial part of the diagnostic work-up in patients who present with 
HNSCC. Accurate radiological imaging staging of head and neck cancers together 
with clinical staging can lead to a tailored treatment strategy without any 
compromise to the local control. 

Management of the clinically negative (N0) and positive (N+) neck 

A major challenge is clinical decision making with respect to treatment of the 
clinically negative neck. The clinically negative (N0) neck is defined as a neck 
without palpable pathological lymph nodes. One treatment option is to follow a 
so-called “wait-and-see policy”, where it is decided to refrain from elective 
dissection of lymph nodes. The advantage of this approach is that unnecessary 
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morbidity due to surgery can be avoided. However, due to the inability to 
completely rule out the presence of lymph node metastases by means of palpation, 
there is a risk that occult metastases remain undetected and that the patient is 
undertreated. There is serious concern that salvage of occult metastases that 
become manifest during follow-up is much less effective than elective prophylactic 
removal shortly after diagnosis and treatment of the primary tumor. For this 
reason, more aggressive treatment including elective prophylactic neck dissection, 
radiotherapy or a combination of both therapies are alternative options for 
treatment. In current practice, this is solved by deciding to refrain from a “wait-
and-see policy” when the estimated risk of occult metastases exceeds 20% [7] This 
estimate is based on location, stage and histology of the primary tumor. However, 
more aggressive approaches may result in overtreatment because this chosen cut-off 
point is rather arbitrarily and the risk estimate may be unreliable. For these reasons, 
treatment of the clinically negative neck remains controversial. 
 
In the clinically positive (N+) neck pathological lymph nodes are palpable and neck 
dissection, in which lymph nodes would be removed, radiation therapy, or a 
combination of both are indicated. Extent and distribution of lymph node 
metastases will again determine the choice of therapy. 

Radiological imaging modalities 

Hence, in patients with HNSCC, accurate staging of the extent of lymph node 
metastases in N0 and N+ necks is of crucial importance in order to help the 
clinician to make a confident and accurate diagnosis and to decide on the optimal 
treatment of individual patients. Accurate prediction of lymph node involvement is 
not possible with the present imaging modalities, unless combined with invasive 
and demanding procedures such as ultrasound guided fine needle aspiration 
cytology (USgFNAC). Besides the radiological imaging modalities, such as US, CT 
and MRI, there is an upcoming role of 18F-FDG PET for the detection of cervical 
lymph node metastases. However, this role is limited for small metastases[9; 9; 2; 
9; 5; 5]. The use of the integrated PET-CT as a one step examination is in 
literature advocated to be the initial imaging modality for advanced staged 
HNSCC. Again, the limitation is the detection of small lymph node metastases.[7; 
11; 12; 9; 12; 4; 2; 10; 11] 
 
Assessment of lymph nodes using imaging is mainly based on size, but the mere use 
of the size criterion has several disadvantages. First, it is difficult to establish an 
optimal threshold value. The use of common threshold values, such as  ≤ 7 mm or 
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≤ 10 mm result in suboptimal sensitivity and lowering of the cut-off point results 
in higher sensitivity, but consequently also in lower specificity [2]. Second, 
metastases in small cervical lymph nodes will remain below the threshold levels and 
consequently these malignant lymph nodes will be misclassified as normal. 
Therefore, additional criteria have to be established to improve diagnostic accuracy. 

Objectives of this thesis 

This thesis will focus on the diagnostic performance of MRI and the main aim will 
be to investigate and improve the diagnostic accuracy of MRI for the 
differentiation of malignant from benign lymph nodes in HNSCC. 
 
The objectives of this thesis are:  
- To evaluate the diagnostic value of MRI relative to that of other methods that 

are used for the detection of cervical lymph node metastases in patients with 
HNSCC. 

- To evaluate whether the use of new sequences and/or other MRI criteria in 
addition to size can improve accurate detection of metastatic lymph node 
disease in patients with HNSCC. 

Outline of this thesis 

First an overview is given of all applicable imaging modalities in which for every 
modality the present diagnostic accuracy is discussed (chapter 2). In order to 
further compare the diagnostic accuracies of the presently used radiological 
imaging modalities a meta-analysis is presented in which ultrasound, USgFNAC, 
CT and MR imaging are compared (chapter 3). The use of the STIR sequence is 
investigated in order to evaluate the added diagnostic value over conventional MRI 
for the detection of cervical lymph nodes metastases (chapter 4). The accuracy and 
additional diagnostic value of different morphological criteria is assessed by means 
of multivariate logistic regression analysis. It is evaluated whether use of these 
criteria in addition to size results in better prediction of the presence of metastasis 
in cervical lymph nodes (chapter 5). Subsequently, the diffusion weighted imaging 
(DWI) sequence was assessed. Use of this sequence provides information on 
apparent diffusion coefficient (ADC) of different tissues and lesions. The 
diagnostic accuracy and additional value of the ADC value – compared to the size 
and morphological criteria – is assessed by means of univariate and multivariate 
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logistic regression analyses. Evaluation was performed in a series of patients with 
predominantly clinically negative necks (chapter 6). 
 
Finally, the results of the various studies are discussed and suggestions for future 
directions will be made (chapter 7). A summary is provided in chapter 8. 



 General introduction 

 15 

References 

1. Adams, S., Baum, R. P., Stuckensen, T., et al., "Prospective comparison of 18F-FDG PET 
with conventional imaging modalities (CT, MRI, US) in lymph node staging of head and neck 
cancer." Eur J Nucl Med. 1998. 25(9): 1255-60. 

2. Brink, I., Klenzner, T., Krause, T., et al., "Lymph node staging in extracranial head and neck 
cancer with FDG PET--appropriate uptake period and size-dependence of the results." 
Nuklearmedizin. 2002. 41(2): 108-13. 

3. Brouwer, J., de Bree, R., Comans, E. F., et al., "Positron emission tomography using 
[18F]fluorodeoxyglucose (FDG-PET) in the clinically negative neck: is it likely to be superior?" 
Eur Arch Otorhinolaryngol. 2004. 261(9): 479-83. 

4. Connell, C. A., Corry, J., Milner, A. D., et al., "Clinical impact of, and prognostic stratification 
by, F-18 FDG PET/CT in head and neck mucosal squamous cell carcinoma." Head Neck. 
2007. 29(11): 986-95. 

5. de Bondt, R. B., Nelemans, P. J., Hofman, P. A., et al., "Detection of lymph node metastases 
in head and neck cancer: A meta-analysis comparing US, USgFNAC, CT and MR imaging." 
Eur J Radiol. 2007. 

6. Escott, E. J., "Positron emission tomography-computed tomography protocol considerations 
for head and neck cancer imaging." Semin Ultrasound CT MR. 2008. 29(4): 263-70. 

7. Fleming, A. J., Jr. and Johansen, M. E., "The clinician's expectations from the use of positron 
emission tomography/computed tomography scanning in untreated and treated head and neck 
cancer patients." Curr Opin Otolaryngol Head Neck Surg. 2008. 16(2): 127-34. 

8. Hollenbeak, C. S., Lowe, V. J. and Stack, B. C., Jr., "The cost-effectiveness of 
fluorodeoxyglucose 18-F positron emission tomography in the N0 neck." Cancer. 2001. 92(9): 
2341-8. 

9. Kyzas, P. A., Evangelou, E., Denaxa-Kyza, D., et al., "18F-fluorodeoxyglucose positron 
emission tomography to evaluate cervical node metastases in patients with head and neck 
squamous cell carcinoma: a meta-analysis." J Natl Cancer Inst. 2008. 100(10): 712-20. 

10. Nahmias, C., Carlson, E. R., Duncan, L. D., et al., "Positron emission tomography/-
computerized tomography (PET/CT) scanning for preoperative staging of patients with 
oral/head and neck cancer." J Oral Maxillofac Surg. 2007. 65(12): 2524-35. 

11. Ng, S. H., Yen, T. C., Liao, C. T., et al., "18F-FDG PET and CT/MRI in oral cavity 
squamous cell carcinoma: a prospective study of 124 patients with histologic correlation." J 
Nucl Med. 2005. 46(7): 1136-43. 

12. Pentenero, M., Cistaro, A., Brusa, M., et al., "Accuracy of 18F-FDG-PET/CT for staging of 
oral squamous cell carcinoma." Head Neck. 2008. 30(11): 1488-96. 

13. Quon, A., Fischbein, N. J., McDougall, I. R., et al., "Clinical role of 18F-FDG PET/CT in the 
management of squamous cell carcinoma of the head and neck and thyroid carcinoma." J Nucl 
Med. 2007. 48 Suppl 1: 58S-67S. 

14. Roh, J. L., Yeo, N. K., Kim, J. S., et al., "Utility of 2-[18F] fluoro-2-deoxy-D-glucose positron 
emission tomography and positron emission tomography/computed tomography imaging in 
the preoperative staging of head and neck squamous cell carcinoma." Oral Oncol. 2007. 43(9): 
887-93. 

15. Schoder, H., Carlson, D. L., Kraus, D. H., et al., "18F-FDG PET/CT for detecting nodal 
metastases in patients with oral cancer staged N0 by clinical examination and CT/MRI." J 
Nucl Med. 2006. 47(5): 755-62. 

16. Straetmans, J. M., Olthof, N., Mooren, J. J., et al., "Human papillomavirus reduces the 
prognostic value of nodal involvement in tonsillar squamous cell carcinomas." Laryngoscope. 
2009. 119(10): 1951-7. 



Chapter 1  

 16 

17. van den Brekel, M. W., Stel, H. V., Castelijns, J. A., et al., "Cervical lymph node metastasis: 
assessment of radiologic criteria." Radiology. 1990. 177(2): 379-84. 

18. Veit-Haibach, P., Luczak, C., Wanke, I., et al., "TNM staging with FDG-PET/CT in patients 
with primary head and neck cancer." Eur J Nucl Med Mol Imaging. 2007. 34(12): 1953-62. 

19. Weiss, M. H., Harrison, L. B. and Isaacs, R. S., "Use of decision analysis in planning a 
management strategy for the stage N0 neck." Arch Otolaryngol Head Neck Surg. 1994. 
120(7): 699-702. 

20. Wensing, B. M., Vogel, W. V., Marres, H. A., et al., "FDG-PET in the clinically negative neck 
in oral squamous cell carcinoma." Laryngoscope. 2006. 116(5): 809-13. 

 
 
 
 



 

 

CHAPTER 2 

Lymph node imaging in the head and neck: overview 
of the present status of modern imaging techniques 

M.J. Lahaye 
R.B.J. de Bondt 
S.M.E. Engelen 
G.L. Beets 
R.G.H. Beets-Tan 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adapted from  
Lymph node Imaging: Present Status and Future Developments, in: Clinical 
Blood Pool MR Imaging, p. 181-191 (Springer-Verlag)  



Chapter 2  

 18 

Introduction 

This chapter will describe the present status of modern imaging techniques for 
identifying lymph node metastases in patients with head and neck cancer and 
describe the upcoming role and evidence so far of promising modern imaging 
techniques and new contrast agents that could help radiologists to improve their 
performance by non-invasive modern imaging techniques. 

Lymph node anatomy and physiology 

Knowledge of the anatomy and physiology of the lymphatic system and lymph 
nodes is important in order to have a basic understanding of lymph node imaging. 
Lymph nodes are small bean-shaped structures that are usually less than 2.5 cm in 
long axial diameter. They are largely distributed in drainage areas of body sites 
most exposed to the external environment like pharynx axis, gastrointestinal tract, 
lungs and limbs. Therefore the lymphatic system is an essential first line of defense 
against pathogens. 
 

 
Figure 1. Schematic drawing of the anatomy of a normal lymph node. 

 
The normal lymph node is separated into compartments, called lymph nodules and 
surrounded by a connective tissue capsule (figure 1). In these lymph nodules, dense 
masses of macrophages and lymphocytes are situated and separated by spaces called 
lymph sinuses. Through these lymph sinuses the lymph fluid passes on their way 
from the numerous afferent lymphatic vessels towards an efferent lymphatic vessel. 
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The efferent vessel leaves the node at a concave area called the hilum. The lymph 
fluid consists chyle, proteins, fat and white blood cells of which predominantly 
lymphocytes. The lymphatic vessels and the lymph node pattern anatomically 
define the lymph fluid flow to lymph nodes. Metastasis can follow this structured 
lymph flow to spread to the next lymph node. Cabanas et al. demonstrated the 
existence of specific lymph node centers, the so-called sentinel lymph nodes (SLN), 
which were the primary site of metastases from penile cancer [2]. When biopsy of a 
SLN is negative for metastatic disease, the other lymph nodes downstream are 
likely to be also benign. Thus, a specific node can be the doorway for cancer to 
spread to other regional nodes. It is possible for a metastasis in a sentinel node to 
grow and block the lymphatic flow, thus redirecting lymph and tumor cells to 
other, possibly not ordinarily sequential, nodes. This hypothesis of a sentinel node 
has also been established in malignancies in the head and neck [5; 6; 3] 

Ultrasound 

During the past decades radiologists have gained a great deal of experience in 
lymph node imaging by means of ultrasound [5]. Several morphological 
characteristics of lymph nodes are assessed to distinguish malignant from benign 
lymph nodes. Those characteristics suggesting tumoral lymph node involvement 
are enlargement, round shape, irregular border, loss of the central hilum and hypo 
echogeneity [3]. However, none of these morphological characteristics are accurate 
enough in malignant node identification and therefore US only, without fine 
needle aspiration cytology (FNAC), cannot be relied on for clinical decision 
making in head and neck cancer staging. Lymph node staging in head and neck 
cancer, with the introduction of ultrasound guided fine needle aspiration cytology 
(USg-FNAC), sensitivity and specificity ranging from 63-97% and 69-100% 
respectively have been obtained [1; 5; 9]. The associated diagnostic odds ratio 
(DOR) for US alone was 40 whereas the DOR for USg-FNAC was significantly 
higher up to 260, which means an enormous improvement of the performance of 
preoperative cervical lymph node staging . A drawback of ultrasound in general is 
that the performance depends on the experience of the sonographer [2]. A further 
drawback of USg-FNAC in head and neck cancer staging is the poor accessibility 
of cervical nodes deeply located in anatomic regions such as the retropharyngeal 
area; for the prediction of these lymph nodes other modalities such as the cross-
sectional imaging modalities CT and MRI are nowadays recommended. 
 
Therefore the recommendations in the guidelines for diagnostic work up of head 
and neck cancer is to primarily stage with cross sectional imaging techniques such 
as CT and MRI, and limit staging of head and neck cancer patients by means of 
US to experienced centers only. 
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Above mentioned downsides on operator dependency of the USg-FNAC 
performance, on restricted general availability of the USg-FNAC, on its 
incapability to accurately access some anatomical cervical regions at risk and on its 
inherent invasive nature, makes USg-FNAC a less probable practical staging tool 
that will gain general acceptance in head and neck cancer diagnostic work up. 
 
New ultrasound techniques such as Doppler-ultrasound combined with micro-
bubble contrast agents or 3D US are being studied with promising results [2; 4; 3] 

Computed Tomography 

Computed Tomography (CT) has for long time been adopted as an imaging tool 
to identify malignant lymph nodes in several cancers. In contrast to US, CT has a 
much larger field of view and is less reader dependent. However, due to its low 
contrast resolution, conventional computed tomography techniques have primarily 
relied on size criteria, and size on its own is insufficient for a reliable distinction 
between malignant and benign lymph nodes. Prediction of cervical lymph node 
metastases in head and neck cancer by means of conventional single and 4-16 slice 
CT techniques remains low in specificity. The main criterion for the assessment of 
cervical lymph node involvement using CT is the maximum short axial diameter 
and several studies have been undertaken to determine the optimal cut off size of 
the maximum short axial diameter for discrimination between metastatic and non-
metastatic lymph nodes. In general, 10 mm is a commonly used size cut-off but a 
range varying from 9 to 15 mm has been described [4 Pt 1; 1]. Other criteria, such 
as the presence of necrosis or extra nodal tumor spread, are used but appear to be 
less valuable [4; 1]. Necrosis is mainly seen in lymph nodes exceeding 10 mm and 
those lymph nodes will at first instance already be classified as malignant based on 
the size criterion. In the neck, with its dense and packed structures like vessels and 
muscles, it is very difficult with the conventional CT techniques to achieve an 
acceptable soft tissue contrast resolution. Advancement in multi detector CT 
(MDCT) techniques with 64 slice CT being introduced in patient clinics, could 
theoretically mean an upgrading of CT for nodal disease detection, but so far no 
studies exist on the 64 slice CT for evaluating head and neck cancer. 

18FDG-PET and 18FDG-PET-CT 

18Fluorodeoxyglucose (FDG) PET has proven its additional value for the search of 
distant metastases in a wide variety of tumor types. Cancer cells have an increased 
glycolytic rate compared to normal cells, which 18FDG-PET is able to detect. The 
limitation of the nowadays-available human PET machine is its low resolution and 
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high irradiation dose, and consequently its inaccuracy for the detection of low-bulk 
tumor, requiring a size of at least 1 cm3 tumour volume before PET can depict it. 
In patients presenting with a head and neck tumor, it is of utmost importance to 
accurately predict lymph node metastases in the lower cervical levels (level IV and 
VI), because lymph node involvement in these levels show a significant higher 
prevalence of distant metastases, mainly to the lungs. In these patients a chest CT 
has so far been recommended in the work up as a first line staging tool [5]. 
 
A recent study in patients presenting with cervical lymph node metastases, in the 
work up to search for the unknown primary tumor and distant metastases, a 
18Fluorodeoxyglucose Positron Emission Tomography (FDG-PET) scan shows to 
be a superior diagnostic modality above the conventional CT staging and is now 
recommended in these group of patients [8]. 
 
But for the loco regional staging in primary head and neck cancer only few reports 
are available on the use of FDG-PET. The low resolution obtained with presently 
available PET machines may be the reason why interpretation of PET images in 
the complex anatomy of the head and neck remain very difficult both for staging of 
the clinically N+ neck as well as for staging of the N0 neck [4 Pt 1]. However, 
Myers et al. reported a trend in increased accuracy for FDG-PET compared to CT 
for the detection of cervical metastases in the N0 neck in HNSCC [2]. This study 
was performed in only 14 patients with very small series of HNSCC in the oral 
cavity, oropharynx and hypopharynx. Therefore, further and larger studies are 
needed to validate these results, also for other tumor sites in the head and neck. 
 
The introduction of hybrid techniques for whole body staging such as the 
integrated PET-CT, combining anatomical and functional information leads to 
superior results compared to PET or CT only as a single staging tool. [3; 1; 8; 
12]New generation PET-CT machines improve the detection of smaller lymph 
node metastases and might in future concur with other radiological imaging 
modalities [3; 1; 8; 12] [7; 11; 12; 9; 12; 4; 2; 10; 11]  

Magnetic Resonance Imaging (MRI) 

Conventional MR techniques with 0.5 to 1.5 Tesla powerfield systems are in 
general not accurate for the detection of nodal metastases in cancer patients, 
despite the superior contrast resolution of MR imaging as compared with all other 
existing conventional imaging techniques. Staging by means of MRI in head and 
neck cancer remains of limited use for malignant lymph node detection as shown 
by the recent meta-analysis in which MRI was the least performing noninvasive 
diagnostic modality . This is probably due to the primarily use of the short axial 
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diameter as a criterion to determine a lymph node benign or malignant. In 
addition to the size criterion, other criteria like morphological aspects, such as 
necrosis or pattern of enhancement, are used in daily practice, but the diagnostic 
performances still have to be established in future studies. 
 

  
Figure 2. (A) SPIR TSE T2 weighted image in the axial plane. On the right side of the neck in level 
II an enlarged lymph node (arrowhead) with a short axial diameter of 12 mm will be classified as 
malignant based on the size criterion, however, cytology revealed no metastasis. Another smaller 
lymph node (arrow) with a short axial diameter of only 8 mm shows an indistinct border and a 
heterogeneous signal intensity. Cytology confirmed the diagnosis of a metastasis. (B) At histological 
examination (HE-stained) of this latter lymph node, the region of heterogeneous signal intensity 
corresponds to a metastasis (asterix) with extra nodal spread (arrow). Note the disruption of the 
lymph node capsule (arrowhead). 

MRI with lymph node specific contrast agents 

During the last decade, a new MR contrast agent Ultrasmall Super Paramagnetic 
Iron Oxide (USPIO) has been developed and in preclinical as well as clinical 
studies has proven to be promising for oncology patients [2; 6; 3]. USPIO is at 
present the only contrast agent that has shown the largest evidence that it is 
effective in nodal staging of cancer patients. Despite these results it has to be 
mentioned that USPIO is not approved and therefor not availible in several 
European countries due to the high cost-effectiveness. 
 
USPIO is a contrast agent that undergoes phagocytosis by the reticuloendothelial 
system in the liver but also by macrophages located in benign lymph nodes. Uptake 
of USPIO within the node results in a decrease of signal intensity on T2*-weighted 
images due to increased susceptibility artifacts. This means that benign regions in a 
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node appear black on T2*-weighted images(figure 3A). In malignant nodes tumor 
deposits displace the macrophages. In these regions in the node no uptake of 
USPIO will occur (figure 3B). These regions with no uptake will be depicted as 
regions within the node with high signal intensity (white region). Weissleder et al. 
were the first to distinguish malignant from benign nodes in an animal model 
using USPIO [2], followed by Anzai et al. who demonstrated in a study with 
healthy volunteers that the uptake of USPIO reached its peak after 24 hours [1]. A 
recent meta-analysis of 19 USPIO MR studies showed that USPIO MRI has a 
sensitivity and specificity of 88% and 96%, respectively for the detection of 
malignant nodes in various pelvic and head and neck cancers [1].  

MRI with Gadolinium based lymph node specific contrast agents 

Another type of MR contrast agents are the Gadolinium (Gd) based compounds, 
such as Gd-DTPA and MS325 (Vasovist®). These gadolinium-based contrast 
agents are promising for the detection of malignant lymph nodes. 
 
Several studies have assessed the role of Gd DTPA perfusion MR imaging for the 
detection of malignant nodes [9]. In a series of 21 patients with squamous cell 
carcinomas of the head and neck, Fischbein et al. used DCE-MRI to assess cervical 
lymph nodes [3]. Malignant nodes in head and neck cancer displayed a 
significantly longer time to peak enhancement, reduced peak enhancement, 
decreased slope and slower wash-out, compared to normal lymph nodes.  
 
Dynamic Contrast Enhanced (DCE) MR imaging acquires serial images following 
the intravenous injection of the contrast agent. Wash-in and wash-out curves can 
be derived from designated regions of interest (ROIs) for direct comparison, or 
pharmacokinetic models can be applied in order to derive permeability 
characteristics [4; 5] 
 
Gd-DTPA enhanced dynamic MR imaging reflects the physiology of the 
microcirculation, especially the microvasculature and the extravascular space. 
Microcirculation in tumoral nodes generally differs from that in non-tumoral, 
reactive nodes. Lymphoid tissue, especially in a reactive lymph node, generally has 
a higher blood flow while tumour tissue in malignant nodes can be heterogeneous, 
slow and even retrograde. The delayed tumoral node enhancement due to a longer 
time to peak and lower peak enhancement is a direct reflection of the slower 
leakage of blood pool contrast agents from blood into the interstitial space of a 
tumoral node. A decreased volume of extravascular, extracellular space of metastatic 
tissue in lymph nodes as compared to that in reactive lymph node tissue further 
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contributes to the slower leakage and wash out of contrast agents in malignant 
nodes.  
 
A major drawback of the DCE-MRI is the region of interest analysis method, 
although embedded in the dynamic contrast-enhanced MR imaging literature. 
Liney et al. retrospectively evaluating three distinct methods of region of interest 
selection in lymph nodes in breast cancer patients [6]. Each method returned 
differing values, showing that further work in this area aiming at increasing 
reproducibility is obviously needed.  
 
Recently Vasovist® (Gadovosfeset Trisodium, Bayer Schering Pharma, Berlin, 
Germany) has been introduced and approved as Gd based blood pool MR contrast 
agent for vascular MR imaging. Gadovosfeset Trisodium Vasovist® is a formulation 
of a stable gadolinium diethylenetriaminepentaacetic acid (GdDTPA) chelate 
substituted with a diphenylcyclohexylphosphate group (gadofosveset trisodium and 
binds reversible to the human protein albumin.  
 
A recent study in a rabbit model has shown that interstitial MR lymphography was 
feasible using Vasovist® contrast agent [6]. Malignant nodes in this rabbit model 
showed a longer time to peak enhancement and reduced peak enhancement than 
benign nodes. So far no human studies in cancer lymph node metastases have been 
published but need to be initiated to prove the role of this contrast agent. 

Conclusion 

Preoperative selection of patients for a tailored treatment can only be made when 
more reliable selection tools than the existing ones will become available.  
 
Staging by clinical examination only does not reach a high level of accuracy for 
selecting these patients. The simultaneous advancement in imaging techniques 
during the past decade, providing morphological and functional information in 
one single examination, offers clinicians nowadays a promising tool to distinguish 
between the high risk, for whom a multimodality treatment could be the only 
curative option and the low risk patients for whom local and distant tumour 
control could be obtained with surgical excision only. This chapter aimed at 
describing the present status of modern imaging techniques for identifying nodal 
disease in patients with head and neck cancer. 
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Abstract  

Purpose: To perform a meta-analysis comparing ultrasonography (US), US guided 
fine needle aspiration cytology (USgFNAC), computed tomography (CT), and 
magnetic resonance imaging (MRI) in the detection of lymph node metastases in 
head and neck cancer.  
 
Methods: MEDLINE, EMBASE and Cochrane databases were searched (January 
1990–January 2006) for studies reporting diagnostic performances of US, 
USgFNAC, CT, and MRI to detect cervical lymph node metastases. Two 
reviewers screened text and reference lists of potentially eligible articles. Criteria 
for study inclusion: (1) histopathology was the reference standard, (2) primary 
tumours and metastases were squamous cell carcinoma and (3) data were available 
to construct 2 ×2 contingency tables. Meta-analysis of pairs of sensitivity and 
specificity was performed using bivariate analysis. Summary estimates for 
diagnostic performance used were sensitivity, specificity, diagnostic odds ratios 
(DOR) (95% confidence intervals) and summary receiver operating characteristics 
(SROC) curves.  
 
Results: From seventeen articles, 25 data sets could be retrieved. Eleven articles 
studied one modality: US (n= 4); USgFNAC (n= 1); CT (n=3); MRI (n= 3). Six 
articles studied two or more modalities: US and CT (n= 2); USgFNAC and CT 
(n= 1); CT and MRI (n= 1); MRI and MRI-USPIO (Sinerem®)(n= 2); US, 
USgFNAC, CT and MRI (n= 1). USgFNAC (AUC = 0.98) and US (AUC = 
0.95) showed the highest areas under the curve (AUC). MRI-USPIO (AUC = 
0.89) and CT (AUC = 0.88) had similar results. MRI showed an AUC = 0.79. 
USgFNAC showed the highest DOR (DOR = 260) compared to US (DOR = 
40), MRI-USPIO (DOR = 21), CT (DOR = 14) and MRI (DOR = 7).  
 
Conclusion: USgFNAC showed to be the most accurate imaging modality to 
detect cervical lymph node metastases.  
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Introduction  

Of all head and neck tumours more than 90% are squamous cell carcinomas 
(SCC) [1]. The presence of one isolated lymph node metastasis (stage N1) 
decreases the prognosis with 50%, while multiple metastases decrease the prognosis 
even more dramatically; therefore, the lymph node status is one of the most 
important predictors of poor prognosis in head and neck tumours [2–4].  
 
Management in patients presenting with lymph node metastases could consist of a 
neck dissection in which selected or all lymph node levels in the neck are removed. 
This could be followed by radiation therapy depending on histological findings like 
extra nodal spread or presence of multiple metastases. It has to be kept in mind 
that a neck dissection as well as radiation therapy have a considerable morbidity 
and mortality [5–7]. Therefore, accurate assessment of the lymph node status is 
important for the choice of treatment.  
 
Radiological imaging modalities, like computed tomography (CT) and magnetic 
resonance imaging (MRI), can be used to support treatment decisions when an 
unexpected lymph node metastasis is detected on the opposite side in the neck or 
when it is detected on the ipsilateral side where it is not suspected. Alternative 
diagnostic modalities are ultrasonography (US) and ultrasonography guided fine 
needle aspiration cytology (USgFNAC). However, because of the high operator 
dependency of these latter modalities it generally remains restricted to expert 
referral centers. An important drawback of US and USgFNAC is the inability to 
detect (high) retropharyngeal lymph nodes. Important questions, whether these 
imaging techniques perform well enough and whether one modality is superior to 
others, need answers.  
 
Regarding the literature, diagnostic performances of studies are difficult to compare 
due to a large variety in study designs, study populations, imaging modalities and 
techniques. Also, only few reports compared all radiological imaging modalities in 
one study. A meta-analysis of the literature is a tool for these problems as it 
provides in summarizing the results of individual radiological diagnostic studies.  
 
Such a meta-analysis could provide answers to two relevant questions in the 
management of patients with a head and neck tumour. Firstly, what is the relative 
performance of these modalities and secondly, are these modalities accurate enough 
to further reduce the potential risk of occult lymph node metastases?  
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The aim of this study was to perform a meta-analysis of radiological imaging 
modalities for the detection of lymph node metastases in patients with SCC of the 
head and neck; US, USgFNAC, CT, and MR imaging were compared.  

Materials and methods  

Literature research 

A computerized systematic literature search was performed by one reader. Abstracts 
were selected of articles reporting the diagnostic performance of ultrasound (US), 
US guided fine needle aspiration cytology (USgFNAC), computed tomography 
(CT), and magnetic resonance imaging (MRI) in the detection of lymph node 
metastases in head and neck tumours. The MEDLINE database from January 
1990 to January 2006 was searched with the following search terms as keywords: 
(a) “head and neck neoplasm” (medical subject heading, or MeSH), (b) lymph 
nodes (MeSH) or “lymphatic system (MeSH)” or “neoplasm metastases” (MeSH) 
and (c) “diagnostic imaging” (MeSH). The EMBASE and Cochrane databases 
were searched by using(a)“head and neck”,(b)“neoplasm”,(c)“lymph nodes” or 
“lymphatic system”, (d) “metastases” and (e) “imaging” as text words.  
 
From the selected abstracts, two reviewers separately screened the full text of these 
potentially eligible articles in which US, USgFNAC, CT, and/or MR imaging were 
evaluated. Reference lists were manually screened for additional relevant articles.  

Inclusion criteria  

Based on the full text, studies were selected if they fullfilled all of the following 
inclusion criteria: (a) histopathology findings (specimens obtained at surgery or at 
lymph node biopsy) were used as the reference standard, (b) the primary tumour 
and lymph node metastases were squamous cell carcinomas and (c) sufficient data 
were presented to construct a 2 ×2 contingency table (sensitivity and/or specificity 
with absolute numbers of false positive (FP), false negative (FN), true positive (TP) 
and true negative (TN) findings) for the imaging modalities compared with the 
reference standard.  

Exclusion criteria  

Studies were excluded if raw data, such as two-by-two tables for statistical analysis, 
were not presented. Reviews, letters to the author, comments and case reports were 
excluded.  
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Data extraction  

Two reviewers separately extracted relevant data from each article by using a 
standard data form. Neither reviewer was blinded to information regarding 
authors, journal name, or year of publication. In case of disagreement, a third 
reviewer would assess these articles.  
 
Characteristics of the selected articles were noted: (a) reporting of the study 
population and number of patients, (b) reporting of the diagnostic test(s) and 
reference test, (c) reporting of criteria for positive lymph node involvement; the 
size (expressed in axial, longitudinal or ratio of both) with cut-off points, presence 
of necrosis, appearance of extra nodal spread and enhancement on CT or MR 
imaging and (d) year of publication and author.  

Statistical analysis  

Results on absolute numbers of false positive (FP), false negative (FN), true 
positive (TP) and true negative (TN) findings for the imaging modalities were 
analyzed using the bivariate model [8]. Bivariate analysis is a method for meta-
analyzing diagnostic studies. The method has two advantages. Firstly, it accounts 
for the trade-off between sensitivity and specificity in diagnostic studies, which 
results from between-study variation in test threshold, and secondly, it incorporates 
between-study heterogeneity that is to be expected in diagnostic studies. Pairs of 
sensitivity and specificity, which are derived from the individual studies under 
review, are jointly analyzed, incorporating any correlation that might exist between 
these two measures using a random effects model [8].  
 
Summary estimates for diagnostic performance that were estimated were 
sensitivity, specificity, diagnostic odds ratios (DOR) with 95% confidence intervals 
and summary receiver operating characteristics (SROC) curves. The diagnostic 
odds ratio (DOR) is a measure for diagnostic performance of a test, which 
combines sensitivity and specificity into one measure. A DOR of 1 implies that the 
test has no discriminatory power at all; the larger the DOR, the better the test 
discriminates between patients with and without the target disorder (in this meta-
analysis, the presence of metastases). The estimates of DOR, which were derived 
from the bivariate model, were used to fit SROC curves through the observed pairs 
of sensitivity and specificity. In this way, it can be visualized that a point P1, which 
represents a study with observed false positive rate (FPR) of 20% and observed true 
positive rate (TPR) of 75%, and a point P2, which represents another study with 
observed FPR of 8% and observed TPR of 50%, are roughly concordant with one 
SROC curve and represent similar diagnostic performance [9]. In order not to 
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extend beyond the empirical range of data, SROC curves were restricted within the 
range of FPR values that were actually observed in the included studies (partial 
SROC curves). For all analyses we used SPSS 13.0 for Windows.  

Results  

The computerized search revealed a total of 831 articles. After reading the 
abstracts, 88 articles were found to be relevant, of which 17 studies fullfilled the 
criteria for inclusion after reading the full text [10–26]. There was no disagreement 
between the two readers in selecting articles. Reasons for exclusion of studies were 
as follows: (a) not sufficient or inconclusive information was presented on the 
histopathology findings as the reference standard (n=26), (b) not sufficient or 
inconclusive data were presented to construct a 2 × 2 contingency table (sensitivity 
and/or specificity with absolute numbers of false positive (FP), false negative (FN), 
true positive (TP) and true negative (TN) findings) (n= 16), (c) study data were 
reported elsewhere in more detail (n= 2) and (d) studies focused on another 
subject; search for the unknown primary tumour (n= 4), overview of imaging 
techniques (n= 12), search for distant metastases (n= 2), search for extra nodal 
spread (n= 2), other subjects such as genetics, survival study and vascular studies 
(n= 6). From the 17 articles, 25 data sets were retrieved. We identified 7, 3, 8, 5, 2 
studies for US, USgFNAC, CT, MRI and MRI-USPIO (Sinerem®), respectively. 
Eleven articles studied one diagnostic modalities; US (n= 4), USgFNAC (n= 1), 
CT (n= 3) and MRI (n= 3). Six articles compared two or more diagnostic 
modality; US and CT (n= 2), USgFNAC and CT (n= 1), CT and MRI (n= 1), 
MRI and MRI-USPIO (n= 2), US and USgFNAC and CT and MRI (n=1).  
 
Figure 1 shows partial SROC curves for all modalities. This figure visualizes the 
trade off between sensitivity and specificity. It illustrates that with USgFNAC the 
sensitivity of 80% can be reached without much loss of specificity, whereas with 
CT the sensitivity of 80% is only reached at the expanse of more false positive 
findings. 
 
Table 1 presents a summary of study and patient characteristics. A large variation 
in reported sensitivity and specificity was observed for all imaging modalities. For 
US for example, sensitivity values range from 63% to 97%. Generally, low 
sensitivity values are associated with high specificity and vice versa, but there are 
exceptions, such as the study by van den Brekel et al. [26] (both sensitivity and 
specificity are 75%) and the study by Steinkamp et al. [15] with a sensitivity of 
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93% and a specificity of 95%. The prevalence of positive lymph nodes in the 
reviewed studies also show much variation: they range between 20% and 77%.  
 
Table 2 summarizes the size and morphologic criteria for determination of lymph 
node metastases per author and imaging modality. Those criteria vary not only 
between the different modalities but also within studies on US, USgFNAC, CT 
and MRI. 
 
Table 3 presents summary estimates for diagnostic performance for each modality: 
sensitivity, specificity and DOR with 95% confidence intervals. The highest DOR 
was found for USgFNAC (DOR = 260). This was significantly higher (p<0.05) 
than that for US (DOR =40), MRI-USPIO (Sinerem®) (DOR = 21), CT (DOR = 
14) and MRI (DOR = 7). Other pair wise comparisons of the modalities showed 
no significant differences in diagnostic performance between modalities except for 
the comparison between US and MRI in which US performs significantly better 
than MRI (p= 0.006). Mean sensitivity of 87% was highest for US (with 95% CI 
76–93%), and specificity of 98% was highest for USgFNAC (95% CI 93–99.7%). 
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Figure 1. Partial Summary ROC curves comparing the accuracy of ultrasound guided fine needle 
aspiration cytology (USgFNAC), ultrasound (US), computed tomography (CT) and magnetic 
resonance imaging (MRI) without and with the use of ultra-small particles iron oxide (USPIO) 
(MRI-USPIO) in the detection of cervical lymph node metastases in head and neck tumour. The 
scatter of observed pairs of sensitivity and specificity are presented around the fitted SROC curves. 
OR: odds ratio. 
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Table 1. Study characteristics and included data sets for each imaging modality, ultrasound (US), 
ultrasound guided fine needle aspiration cytology (USgFNAC), computed tomography (CT) and 
magnetic resonance imaging (MRI) without and with the use of USPIOa (MRI-USPIO), of the 
included articles 

Imaging 
modality 

Nr of 
patients 

Sensitivity 
(%) 

Specificity 
(%) 

TPb FNc TNd FPe Prevalences of 
lymph node 

metastases (%)

References 

US 48 72 96 18 4 24 2 46 Haberal et al. [10] 

US 184 63 92 91 54 95 8 58 v. d. Brekel et al. [11] 

US 25 97 100 35 1 34 0 51 Takeuchi et al. [12] 

US 38 96 69 50 2 69 31 34 Danninger et al. [13] 

US 132 75 75 82 27 53 18 61 v. d. Brekel et al. [26] 

US 123 96 74 74 3 34 12 62 Steinkamp et al. [14] 

US 138 93 95 79 6 50 3 62 Steinkamp et al. [15] 

USgFNAC 56 89 98 66 8 105 2 41 Knappe et al. [16] 

USgFNAC 50 48 100 12 13 36 0 41 Takes et al. [17] 

USgFNAC 67 90 100 56 6 29 0 68 v. d. Brekel et al. [26] 

CT 48 81 96 18 4 24 2 46 Haberal et al. [10] 

CT 196 88 39 69 9 46 72 40 Curtin et al. [18] 

CT 41 95 86 18 1 19 3 46 McGuirt et al. [19] 

CT 28 88 100 21 3 7 0 77 Carvalho et al. [20] 

CT 48 55 76 15 12 16 5 56 Freire et al. [21] 

CT 50 54 92 14 12 35 3 41 Takes et al. [17] 

CT 132 83 70 90 18 49 21 61 v. d. Brekel et al. [26] 

CT 138 93 66 79 6 35 18 62 Steinkamp et al. [15] 

MRI 196 81 48 63 15 57 61 40 Curtin et al. [18] 

MRI 12 64 69 7 4 9 4 46 Braams et al. [22] 

MRI 132 82 81 86 19 56 13 60 v. d. Brekel et al. [26] 

MRI 27 76 78 16 5 7 2 70 Feinmesser et al. [24] 

MRI 81 92 40 93 8 166 250 20 Sigal et al. [25] 

MRI-USPIO 81 80 81 81 20 337 79 20 Sigal et al. [25] 

MRI-USPIO 11 67 94 28 14 46 3 46 Anzai et al. [23] 

a USPIO: ultra-small particles iron oxide. b TP: true positive.  
c FN: false negative. d TN: true negative. e FP: false positive.  
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Table 2. Size and morphologic criteria for determination of cervical lymph node metastases as 
reported by different authors 

Author  Modality Size criteria Morphologic criteria 

Haberal et al. [10] US >10 mm longest diameter Contour irregularity 

  Long/short diameter <2 Heterogenous pattern 

 CT 10–15 mm diameter Contour irregularity, heterogeneity, 
necrosis rim enhancement 

van den Brekel et al. [11] US 7 mm (level II) and 6 mm – 

Takeuchi et al. [12] US Short/long diameter (no cut off 
point) 

Internal irregularity 

Danninger et al. [13] US Not specified Not specified 

van den Brekel et al. [26] US N0 7 mm, N+ 9 mm – 

 USgFNAC N0 3–4 mm, N+ 13–14 mm – 

 CT >11 mm (level II) and >10 mm Necrosis 

 MRI >11 mm (level II) and >10 mm Necrosis 

Steinkamp et al. [14] US >10 mm longest diameter Ovoid form, hypo echogenicity 

Steinkamp et al. [15] US Long/short ratio <2 – 

 CT >10 mm maximal diameter Irregularity/hypo density 

Knappe et al. [16] USgFNAC >8–10 mm, long/short ratio <2 Round form, narrow/absent hilum, 
central lucency, and irregular 
capsule 

Takes et al. [17] USgFNAC >5 mm short diameter – 

  >7 mm short diameter Round > ovoid shape, centrally 
hypo echogene, absence of hilum 

 CT >10 mm Round, necrosis, rim enhancement 

Curtin et al. [18] CT 10–15 mm longest diameter Internal abnormalities 

 MRI 10–15 mm longest diameter Internal abnormalities 

McGuirt et al. [19] CT >15 mm level II, 10 mm elsewhere Necrosis, contour irregularity 

Carvalho et al. [20] CT >15 mm longest diameter Rim enhancement 

Freire et al. [21] CT 15 mm level II, 10 mm elsewhere Central necrosis 

Braams et al. [22] MRI >11 mm short diameter level II, 
10 mm elsewhere 

Irregular or rim enhancement 

  Clusters of >3 nodes 9–11 mm level 
II 

 

  Clusters of >3 nodes 8–9 mm 
elsewhere 

 

Anzai et al. [23] MRI-USPIO Minimal size on T1 WI? Irregularity on T2 WI 

Feinmesser et al. [24] MRI >15 mm longest diameter Necrosis on T2 WI 

Sigal et al. [25] MRI >10 mm short diameter on T1 WI  

 MRI-USPIO – Hyper intensity on T2* 
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Table 3. Summary estimates for mean sensitivity, mean specificity and diagnostic odds ratio (DOR) 
from the bivariate model, with corresponding 95% confidence intervals (95% CI) 

Imaging modality  Mean sensitivity 95% CI Mean specificity 95% CI Mean DOR 95% CI 

CT 0.81 (0.68–0.90) 0.76 (0.62–0.87) 14 (6.6–29.7) 

US 0.87 (0.76–0.93) 0.86 (0.74–0.93) 40 (17.8–90.1) 

MRI 0.81 (0.65–0.91) 0.63 (0.43–0.80) 7 (3.1–17.8) 

USgFNAC 0.80 (0.57–0.92) 0.98 (0.93–0.997) 260 (51.7–1306) 

USPIO-MRI 0.74 (0.44–0.91) 0.88 (0.66–0.96) 21 (5.5–78.1) 
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Discussion 

The current meta-analysis shows that ultrasound guided fine needle aspiration 
cytology (USgFNAC) has the best diagnostic performance for the detection of 
cervical lymph node metastases. Ultrasound alone is also associated with high 
DOR, whereas computed tomography (CT) and magnetic resonance imaging 
(MRI) perform less well.  
 
The findings of this study are contrary to daily practice where CT and MRI are 
more commonly used to detect cervical lymph node metastases. The main 
advantage of CT and MRI are the lower inter-observer variation, and these 
techniques are, in general, less time consuming compared to USgFNAC and US. 
Furthermore, CT and MRI are relatively standardized techniques that can be 
performed at most institutions and can be interpreted by general radiologists with 
no specific expertise in head and neck imaging. This is in contrast to US and 
USgFNAC which are not popular tools in the work up of patients in general 
hospitals, and are generally only performed by experienced radiologists in referral 
hospitals.  
 
The question whether imaging alone is accurate enough to guide treatment 
decisions in patients with head and neck malignancies depends on the ability of 
imaging techniques to rule out the presence of occult metastases. It has been 
proposed that a more conservative approach regarding management of the 
clinically negative neck could be allowed, if the risk of occult lymph node 
metastases could be reduced to below 20% [27]. This would mean that the 
probability of metastases given a negative result of imaging (post-test probability) 
should drop below 20% and that high sensitivity of imaging is a minimal 
condition that should be satisfied. However, specificity must also be acceptable, 
because the power to rule out a diagnosis depends both on sensitivity and 
specificity [28]. Only two studies on US [12] and [15], one study on CT [19] and 
none of the studies on MRI showed high sensitivity (>90%) combined with 
acceptable specificity. There is one study by Nieuwenhuis et al., which is not 
included in this review that reports that USgFNAC enables to decrease the risk of 
occult metastases to almost 20% [29]. In the literature only three studies could be 
found that explicitly addressed the evaluation of clinically N0 necks [17], [26] and 
[30]. Two of these studies are included in this review [17] and [26]. 
 
There are two methodological issues concerning this meta-analysis that need to be 
addressed. Figure 1 shows that there is scatter of observed pairs of sensitivity and 
specificity around the fitted SROC curves. This scatter implies between-study 
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variability that is not explained by between-study variations in test threshold. Such 
heterogeneity of study results is common to diagnostic studies due to differences in 
patient, study and test characteristics [31]. In this meta-analysis, it is very plausible 
that part of the heterogeneity is caused by a large variation in morphologic criteria 
for determination of lymph node metastases. The morphologic and size criteria 
used are summarized in Table 2, and it is clear that different studies used very 
different criteria. It is also important to realize that size criteria for US are relevant 
to differentiate between benign and malignant lymph nodes, and size criteria for 
USgFNAC are only used to decide whether to puncture or refrain from puncture a 
lymph node. With respect to the size criteria, there was less variability between 
studies; most studies used a cut-off size for malignancy of 1 cm or larger, but one can 
question whether this commonly used size criterion is a sensible choice. Regarding 
diameters of 6 mm or more as suspicious, as was done by Takes and van den Brekel, 
might better serve the purpose of ruling out occult metastases [11] and [17]. 
 
We refrained from scoring the quality of the individual studies, because this issue is 
still a matter of debate. Whereas incorporation of quality scores is advocated by 
some [32],others are more critical and point out that the incorporation of quality 
scores as weights in meta-analysis lacks statistical or empirical justification [33,34]. 
The alternative approach for assessment of the effect of methodological issues on 
study results, metaregression analysis, was not feasible due to the small number of 
studies within each diagnostic modality.  
 
In the current study we evaluated the diagnostic performance of USgFNAC, US, 
CT and MRI as they are used in clinical practice to answer the question of cervical 
lymph node metastases. All of these techniques rely on lymph node size and shape 
criteria to determine if lymph nodes are abnormal. With ongoing technical 
developments, additional criteria are evolving that may improve the diagnostic 
performance of existing techniques. Positron emission tomography (PET) imaging 
is believed that it may be a valuable addition to the diagnostic armamentarium of 
the radiologist. However, so far sparse literature where PET imaging alone as a 
screening tool in the N0 neck shows a very low sensitivity and no additional value 
compared to other imaging techniques [35].  
 
In conclusion, this meta-analysis shows that at present USgFNAC is the most 
reliable imaging technique to assess the presence of metastases in cervical lymph 
nodes in patients with head and neck cancer. This review also indicates that further 
studies on diagnostic performances of radiological imaging modalities should be 
done, focused on patients with clinically N0 necks, because especially in these 
patients imaging may play an important role in directing treatment.  
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Abstract 

Background: We investigated the incremental diagnostic value of Short Tau 
Inversion Recovery (STIR) MRI to detect cervical nodal metastases in HNSCC.  
 
Methods: Thirty-six patients with cervical nodal metastases underwent MR 
imaging preceding neck dissection. Two readers evaluated MRI versus MRI with 
STIR. Level based analysis was performed: inter-observer agreements (Kappa) for 
detecting normal and metastatic lymph nodes; sensitivities and specificities for 
detecting at least one metastatic lymph node per level; linear regression analysis to 
determine performances of MRI with STIR in detecting correct numbers of 
normal and metastatic lymph nodes. Histopathology was the reference standard.  
 
Results: 175 neck levels were evaluated. MRI with STIR showed better Kappa’s for 
metastatic and normal lymph nodes, was more accurate to estimate numbers of 
metastatic and normal lymph nodes, and showed improvement of sensitivities and 
specificities.  
 
Conclusion: Incorporation of STIR into the conventional MR protocol improves 
significantly the detecting of cervical lymph node metastases.  
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Introduction  

The presence of cervical metastatic lymph nodes is one of the most important 
predictors of poor prognosis in patients with head and neck malignancies. The 
presence of one isolated metastatic lymph node (stage N1) decreases the 5 years 
survival with 50%, while multiple metastatic lymph nodes decrease the prognosis 
even more dramatically [1-7].  
 
The extent of known metastatic lymph nodes in the neck influences the choice of 
management. Aneck dissection may be performed in which one or more lymph 
node levels are dissected either unilateral or bilateral. Surgery may be followed by 
radiation therapy depending on histological findings like extra nodal spread, 
perineural growth and vessel-invasion, or the presence of multiple metastases. All of 
these therapies carry a considerable morbidity and mortality [8-15]. Thus, 
radiological imaging plays an important role in the assessment of lymph node 
involvement as it is used to support treatment decisions; i.e. the extent and 
laterality of a neck dissection. Furthermore, as metastatic lymph nodes in level IV 
are correlated with a higher prevalence of distant metastases, i.e. pulmonary 
metastases, adequate additional pulmonary imaging may play a role in planning a 
treatment strategy [16, 17].  
 
Magnetic Resonance Imaging (MRI), with its excellent soft tissue contrast 
capabilities over other radiological imaging modalities, is a well established tool to 
assess lymph nodes. However, despite developments in high-resolution imaging 
and the development of specific contrast agents for MRI, the detection of small 
metastases in lymph node remains a difficult task [18-21]. 
 
In the work up of patients presenting with a cervical metastatic lymph node of a 
clinically unknown head and neck squamous cell carcinoma, our MRI protocol 
included the reversed Short Tau Inversion Recovery (STIR) sequence. Besides the 
location of the primary tumor, also metastatic lymph nodes showed a marked 
hypo-intense signal intensity compared to normal lymph nodes. Tumor infiltration 
with architectural distortion of lymph node parenchyma, necrosis and edema result 
in areas of proton richness. This proton richness will provide in a longer T1 
relaxation time and shortening in T2 relaxation time which results on the reversed 
STIR sequence in a hypo-intense signal intensity compared to normal tissue.  
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In the neck, with its dense lymphatic system, an accurate lesion-by-lesion analysis 
with pathologic correlation is not always achievable. Therefore, to stage the neck, a 
level-based classification is used in this study [22]. This classification provides a 
functional staging, based on the observation of tumor spread to the different lymph 
node groups.  
 
The aim of this study was to determine the additional value of STIR over 
conventional MRI for the detection of cervical metastatic lymph nodes in 
HNSCC.  

Materials and Methods 

Patients 

Thirty-six consecutive patients with fine needle aspiration cytology (FNAC) 
proven metastatic lymph nodes of a clinically unknown primary head and neck 
squamous cell carcinoma (HNSCC) were studied. The average age was 54.6 years 
(range 40-80 years), there were 27 (75%) men and 9 (25%) women. A head and 
neck surgeon performed the otolaryngological examinations, which were followed 
by magnetic resonance imaging (MRI). Subsequently, all patients underwent a 
one-sided radical neck dissection. The patients had no history of a previous 
malignancy and primary or metastatic pulmonary malignancy was ruled out by 
means of a chest x-ray or chest CT scan.  

Imaging  

MR acquisitions were performed according to a standardized protocol on a 1.5 T 
MRI scanner (Magnetom 63 SP4000, Siemens, Erlangen, Germany) using a neck 
coil (Neck Array, Siemens, Erlangen, Germany). The sequence protocol consisted 
of a coronal short tau inversion recovery (STIR) sequence. This was followed by 
acquisition of T2 weighed (W) images in the axial plane, and fat-saturated T1 W 
images pre- and post intravenous injection of gadolinium-DTPA in the axial and 
coronal plane. The sequence parameters are listed in table 1.  

Level classification of the neck 

The neck was subdivided according to the six different levels in agreement with the 
classification of the AJCC (1997) [22]. When viewing the coronal MR images, a 
reference line on the axial MR images was used to determine the exact neck level. 
The classification of the neck levels was used by the radiologists when viewing the 
MR images and used by the pathologist when interpreting the specimen after neck 
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dissection; the exact location of each lymph node per neck level was used to match 
the radiologically examined and pathologically isolated lymph nodes. 

Pathological examination 

All neck dissections were performed “en bloc”. Immediately after the resection the 
surgeon positioned the neck dissection specimen on a schematic drawing of the 
neck in real proportions and fixed it with needles. In the schematic drawing the 
neck node levels were drawn in. The pathologist manually identified and localized 
the lymph nodes per neck level in the specimen, the exact location of each lymph 
node per neck level was matched with the radiologically assessed lymph nodes.  
 
Subsequently, lymph nodes were fixed, sectioned and hematoxyline-eosine (HE) 
stained. The presence of tumor in each lymph node was examined macroscopically 
and microscopically. The short-axial diameters of all lymph nodes were noted. The 
pathological results were used as the reference standard.  

MR reading 

Two head and neck radiologists (experience 10 and 12 years in daily interpretation 
of head and neck imaging) independently interpreted the MR images. The first 
reading was the conventional MRI scan, subsequently followed by the reading in 
combination with the STIR sequence.  
 
To suppress the background, the STIR images were evaluated in the reversed mode 
in which proton rich and pathological tissue show a hypo-intense signal intensity. 
Lymph nodes were identified as discrete round or oval shaped structures of 
moderate to high signal intensity on T2W images, iso-intense to muscle on T1W 
images and hyper-intense on the fat-saturated post contrast T1W images.  
 
The number of normal lymph nodes and metastatic lymph nodes were separately 
registered per level as stated earlier in the section “level classification of the neck”. 
The index lymph node was registered; this was defined as the metastatic lymph 
node the patients initially presented with. Besides the knowledge of a metastatic 
lymph node of an unknown primary head and neck tumor, both readers were 
blinded for any other clinical information and each other assessments of the lymph 
nodes.  
 
The criterion for lymph node involvement on T1W and T2W images was the short 
axial diameter, defined as the minimal axial diameter in the largest region of the 
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lymph node, in which the cut-off point to classify lymph nodes as abnormal was 
>10 mm.  
 
The criterion for lymph node involvement on the STIR sequence accounting for 
lymph nodes of all sizes was the signal intensity on the reversed images in which 
hypo-intense signal intensity was considered pathological and suggestive of 
presence of metastasis.  

Statistical analysis 

Inter observer agreement for detecting normal lymph nodes as well as metastatic 
lymph node was determined per neck level by using quadratic weighted kappa’s. 
The difference in kappa’s between the regular MRI and the combination of MRI 
with STIR was tested using a bootstrap technique [23, 24].  
 
For each level, sensitivities and specificities for detecting at least one metastatic 
lymph node were determined for both observers. The pathological results were the 
reference standard. The p-values for differences in sensitivity and specificity 
between MRI and the combination of MRI with STIR were tested with the 
McNemar test in which a p-value below 0.05 was taken to indicate significance.  
 
In addition, the performance of MRI and the combination of MRI with STIR in 
detecting the correct number of lymph nodes and the correct number of metastases 
was determined with a linear regression model. The difference in fit as expressed by 
the R2 between the two test modalities was tested with a bootstrap technique. A p-
value below 0.05 was taken to indicate significance.  
 

Table 1. Sequence parameters of the head and neck MRI* protocol. 

Parameter STIR†  SPIR T2W  T1W  SPIR CE T1W# 

 (coronal) (axial)  (axial, coronal)  (axial, coronal) 

TE/TR/TI‡ (ms) 60/5868/150 80/1704/- 12/400/- 12/740/- 

Matrix 256 256 256 256 

Slice/gap thickness (mm) 3/0 3/0 3/0 3/0 

Field of view (mm) 160 160 160 160 

NSA§ 2 2 2 2 

Scan time (min) 3:37 3:21 2:37 4:47 

* Magnetic Resonance Imaging, † Short Tau Inversion Recovery, � Spectral Pre-saturation Inversion 
Recovery T2 weighted image, ¶ T1 weighted image, # SPIR contrast enhanced T1 weighted image, ‡ 
Echo Time/Repetition Time/Inversion Time, § Number of Signals Averaged 
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Results  

Thirty-six specimens were pathologically examined representing 180 neck levels 
with a total of 962 lymph nodes; in 156 lymph nodes metastasis could be 
demonstrated.  
 
Table 2 presents the inter observer agreement (κ)ofthe two observers per lymph 
node level. For detecting metastasis with conventional MRI, κ was best for level I 
(κ=0.79) and least for level III (κ=0.46). When MRI was combined with STIR, the 
approaches 1 for all levels in the neck (κ ranged from 0.89-0.99). Differences in κ 
was only statistically significant for level I, II and III. Regarding accurate 
assignment of lymph nodes as being normal on conventional MRI, the κ ranged 
from 0.73-0.92. MRI combined with STIR resulted in a κ range from 0.85-0.99. 
No statistically significant differences were found in any level of the neck.  
 
Table 3 presents the sensitivities and specificities for both observers for the correct 
diagnosis of at least one metastatic lymph node per neck level. Differentiation has 
been made with absolute numbers of patients with positive (N+) and negative (N0) 
neck levels at pathological examination. Sensitivities in the N+ necks levels for 
conventional MRI and MRI combined with STIR ranged from 25-96% and 93-
100%, respectively, and specificities in the N0 neck levels ranged from 20-100% 
and 96-100%, respectively. For both observers, the differences in sensitivity were 
only statistically significant for level III and IV, and for the specificity this 
accounted only for level III. 
 
Table 4 shows the slopes of the regression equations averaged over the 5 evaluated 
levels in the neck. For both observers, MRI overestimates the number of normal 
lymph nodes as well as the number of metastatic lymph nodes (slopes >1). In 
contrast, the prediction of the number of normal lymph nodes and metastatic 
lymph nodes on MRI combined with STIR is more accurate (slopes ≈1).  
 
Furthermore, when the conventional MRI is combined with STIR, the predictions 
of metastatic lymph nodes and normal lymph nodes are significantly more precise 
as tested by the differences in R2. 
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Table 2. Inter observer agreements (κ) of the two observers for the detection of metastatic lymph 
nodes and normal lymph nodes by means of conventional MRI* alone and MRI combined with the 
STIR† sequence. 

Level Metastatic lymph nodes  Normal lymph nodes 
 MRI MRI + STIR p-value MRI MRI + STIR p-value 

I 0.79 1 < 0.001 0.89 099 0.056 
II 0.67 0.99 0.009 0.73 0.96 0.29 
III 0.46 0.97 0.003 0.93 0.96 0.58 
IV 0.65 0.95 0.027 0.89 0.85 0.56 
V 0.62 0.89 0.17 0.92 0.95 0.28 
* Magnetic Resonance Imaging, † Short Tau Inversion Recovery 
 

Table 3. Sensitivities and specificities of the two observers for the detection of at least one metastatic 
lymph node per level in the neck by means of conventional MRI* alone and MRI combined with the 
STIR† sequence. 

Level Pathol. 
N+ level (n)

Observer Sensitivity
(%) 
MRI 

Sensitivity 
(%) 

MRI + 
STIR 

p-value Pathol. 
N0 level (n)

Specificity
(%) 
MRI 

Specificity 
(%) 

MRI + 
STIR 

p-value 

I 4 I 25 100 0.26 32 100 100 1 
  II 25 100 0.26  100 100 1 
II 25 I 96 100 1 11 73 100 0.26 
  II 96 100 1  73 100 0.26 

III 21 I 71 100 0.03 15 60 100 0.03 
  II 76 100 0.06  20 100 0.0005 
IV 15 I 47 100 0.008 21 81 100 0.13 
  II 53 93 0.03  81 100 0.13 
V 9 I 44 100 0.06 22 100 96 1 
  II 57 100 0.13  96 100 1 
* Magnetic Resonance Imaging, † Short Tau Inversion Recovery 
 
Table 4. Slopes of the linear regression model predicting the number of normal lymph nodes and 
lymph node metastases, averaged over the 5 levels in the neck for MRI* and MRI combined with 
STIR† for both observers, and p-values for the difference in fit as expressed by R2 of the model. 

Observer Metastatic lymph nodes Normal lymph nodes 

 slope MRI slope MRI + 
STIR 

p-value as a 
difference of R2 

slope MRI slope MRI + 
STIR  

p-value as a  
difference of R2 

I 1.60 1.06 0.0006 1.21 1.07 0.002 

II 1.24 1.12 <0.0001 1.25 1.04 0.002 
* Magnetic Resonance Imaging, † Short Tau Inversion Recovery 
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Figure 1a-d. MR images of the neck of a patient with right sided cervical lymph node metastasis of an 
unknown primary tumor. Axial T1W image (a) and fat-saturated T2W image (b) show in level Ia on 
the right side a pathological enlarged lymph node (arrow) and on the left side an ovoid lymph node 
(arrowhead) with 5 mm short axial diameter with normal appearance, there is normal enhancement 
on the contrast enhanced fat-saturated T1W image (c). On the corresponding coronal reversed STIR 
image (d), the same small lymph node (arrowhead) shows similar pathological hypo-intense signal 
intensity (SI) compared to the pathological lymph node on the right side (arrow): ultrasound guided 
fine needle aspiration cytology (USgFNAC) confirmed the diagnosis of metastases of squamous cell 
carcinoma (SCC) in both lymph nodes. Note, in contrast, the enlarged lymph node (small arrow) on 
the left side in level Ia with normal signal intensity on the STIR in which USgFNAC revealed no 
SCC.  
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Figure 2a-d. MR images of the neck in a patient presenting with enlarged lymph nodes on the right 
side. The axial T1W image (a), fat-saturated T2W image (b) and contrast enhanced fat-saturated 
T1W image (c) show two pathological enlarged lymph nodes in level Ia on the right side (arrows). 
The corresponding coronal reversed STIR image (d) demonstrates the same enlarged lymph nodes 
(arrows) showing normal gray signal intensity compared to other non-enlarged lymph nodes. 
Ultrasound guided fine needle aspiration cytology (USgFNAC) revealed no SCC. The asterix 
indicates obstructive enlargement of the submandibular gland on the right side. The arrowhead 
indicates edema surrounding a small primary tumor in the floor of the mouth.  

a                                                     b

c                                                       d
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Discussion 

This study demonstrates that adding short tau inversion recovery (STIR) to the 
conventional magnetic resonance imaging (MRI) protocol improves the detection 
of cervical lymph node metastases significantly in patients with head and neck 
squamous cell carcinoma (HNSCC).  
 
A recently published meta-analysis of radiological studies evaluating ultrasound 
(US), ultrasound guided fine needle aspiration cytology (USgFNAC), MRI and 
computed tomography (CT) for the detection of neck node metastases, presented 
sensitivities ranging from 48-97% and specificities ranging from 39-96% [25]. 
When focused on MRI studies only, sensitivity and specificity ranged from 67-
92% and 40-94%, respectively [18-21]. In these studies a large variety of size 
criteria and morphological criteria were used to assess lymph nodes; the long or 
short axial diameter, or ratio of the short and long axial diameter, and also 
morphological criteria such as central necrosis, extra nodal tumor spread, 
heterogeneity and contrast enhancement were mentioned. However, the usefulness 
of the short axial diameter as size criterion, and heterogeneity of lymph nodes as 
morphological criterion have been established [18, 26-28]. Central necrosis and 
extra nodal tumor spread appear to be a biologically late event in the development 
of tumor in lymph nodes and is mainly seen in lymph nodes exceeding the 10 mm 
in short axial diameter [29]. However, these lymph nodes in this presented study 
will be classified as metastatic anyway based on the short axial diameter, and one 
could question the added value over the size criterion.  
 
In this study we have chosen for the established and generally accepted short axial 
diameter as size criterion for evaluating lymph nodes on the conventional MRI. On 
the level based analysis for the detection of at least one metastatic lymph node per 
neck level, sensitivity and specificity for the different levels for the conventional 
MRI ranged from 25-96% and 20-100%, respectively. However, for MRI 
combined with STIR sensitivity and specificity ranged even from 93-100% and 
96-100%, respectively.  
 
There are some important clinical implications of this more accurate imaging 
technique that have to be addressed. Firstly, a more reliable level based 
classification for cervical lymph node metastases can be achieved; the more exact 
determination of the location of metastatic lymph nodes in the neck levels will 
allow the surgeon to dissect only the levels involved in metastatic disease. Secondly, 
accurate assessment of dissemination of metastases in the neck levels could also 
guide the radiotherapist in determining the field of radiation. One has to remind 
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that both surgical and radiation treatment refinements will limit patient morbidity 
[1-7]. The nodal (N) status, as part of the TNM staging system, is an important 
prognostic factor in head and neck cancer in predicting the survival rate and 
therefore influences the choice of treatment [8-15].  
 
Another advantage of STIR is the rapid imaging technique, it will increase the scan 
time with only 3 to 4 minutes. Furthermore, adding STIR to the MRI protocol is 
applicable in all MR scanners, the reading of the images is relatively easy also for 
radiologists not experienced in head and neck radiology. An advantage of STIR 
viewing in the reversed mode is the suppression of the background, pathological 
lymph nodes will pop-up more easily and the observer is less distracted by the 
surrounding tissue. It is important to note that this phenomenon was observed not 
only in large metastases but also in metastatic lymph nodes as small as 5 mm, this 
is illustrated in a small ovoid lymph node in figure 1. In contrast, figure 2 shows 
enlarged lymph nodes a patient initially presented with, these lymph nodes would 
be classified as pathologic based on the short axial diameter. However, STIR 
demonstrates a normal gray signal-intensity and cytological examination revealed 
no metastases.  
 
It has to be emphasized that the sole finding of pathological hypo-intense signal on 
the reversed STIR images will not be sufficient to determine lymph nodes as 
malignant; STIR is highly sensitive for the detection of pathologic lesions, but it is 
not specific for malignancy alone whereas the same phenomenon could be 
observed for example in inflammatory lymph nodes. However, in patients with 
head and neck cancer, this finding on STIR is an important indicator of a 
pathological lymph node in which the other MRI sequences should be reviewed for 
the decision to determine a lymph node to be malignant. 
 
Other reports presented the usefulness of STIR for the detection of a variety of 
malignancies by using this sequence as a screening tool for whole body imaging 
[30-33]. Only a few studies focused on the detection of metastatic lymph in the 
head and neck. Brüning et al. already assessed in 1994 the value of STIR for the 
demarcation of primary head and neck tumors [34]. Müller-Lisse et al. reported 
the STIR sequence as a pathfinder for primary tumors and lymph nodes in the 
head and neck, however, there was no pathological correlation [35]. Another study 
reported SPECT versus STIR for the detection of metastatic lymph nodes in 
HNSCC. This level based analysis with pathological correlation showed a 
sensitivity and specificity of 92% and 71%, respectively [36]. Nakatsu et al. 
published a descriptive report in which STIR was compared with other fat 
suppression MR sequences for lesions in the neck and thorax, however, they did 
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not focus on lymph nodes and there was no pathological correlation [37]. Kawai et 
al. recently reported the results of STIR for the detection of cervical metastatic 
lymph nodes, they advocated STIR to use as a screening technique for cervical 
metastatic lymph nodes prior to further detailed MR study of the neck [38].  
 
Although adding STIR to the protocol will increase the total scan time with only a 
few minutes, one could question whether it is justified to adjust the MRI protocol 
by withdrawing a sequence that has only little added value. This issue will remain 
matter for further studies.  
 
There are some short comings when focused on this study that have to be 
mentioned. Firstly, the issue of the small series, patients presenting with a 
metastatic lymph node of an unknown primary HNSCC is infrequent compared 
to the population of patients presenting with a primary head and neck tumor in 
which metastatic lymph nodes may be present. Secondly, in this respect we have to 
mention that only patients with positive necks (N+) were evaluated in this study, as 
they initially presented with a neck node metastasis; the knowledge of the presence 
of at least one metastastic lymph node might influence the observers to assign more 
easily other lymph nodes as metastatic. The question raises whether the presented 
results could be extrapolated to other patient groups, and whether we expect the 
same results in the clinically negative neck (N0). Thirdly, due to the large number 
of lymph nodes in the neck, a well-known disadvantage of the staging system is the 
difficulty of a true lesion-by-lesion analysis. Therefore, to stage the neck, we used 
the level-based classification. Consequently, uncertainty whether lymph nodes truly 
match the pathologically examination will unfortunately remain.  

Conclusion  

In this study we have demonstrated the incremental impact of STIR on staging and 
subsequently on management of patients with cervical lymph node metastases. 
STIR is a sensitive and fast MRI sequence and adding STIR to the conventional 
MRI protocol is strongly recommended.  
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Abstract 

The aim was to evaluate whether morphological criteria in addition to the size 
criterion results in better diagnostic performance of MRI for the detection of 
cervical lymph node metastases in patients with head and neck squamous cell 
carcinoma (HNSCC). Two radiologists evaluated 44 consecutive patients in 
which lymph node characteristics were assessed with histopathological correlation 
as gold standard. Assessed criteria were the short axial diameter and morphological 
criteria such as border irregularity and homogeneity of signal intensity on T2-
weighted and contrast-enhanced T1-weighted images. Multivariate logistic 
regression analysis was performed: diagnostic odds ratios (DOR) with 95% 
confidence intervals (95% CI) and areas under the curve (AUCs) of receiver-
operating characteristic (ROC) curves were determined.  
 
Border irregularity and heterogeneity of signal intensity on T2-weighted images 
showed significantly increased DORs. AUCs increased from 0.67 (95% CI: 0.61–
0.73) using size only to 0.81 (95% CI: 0.75–0.87) using all four criteria for 
observer 1 and from 0.68 (95% CI: 0.62–0.74) to 0.96 (95% CI: 0.94–0.98) for 
observer 2 (p<0.001). This study demonstrated that the morphological criteria 
border irregularity and heterogeneity of signal intensity on T2-weighted images in 
addition to size significantly improved the detection of cervical lymph nodes 
metastases. 
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Introduction 

The presence of cervical lymph node metastases is an important prognostic factor 
in patients with HNSCC as it worsens significantly the treatment outcome [1–8]. 
The choice of management depends on the existence and extent of lymph node 
metastases in the neck. Therapy could consist of surgery, radiation therapy, 
chemotherapy, or a combined therapy. However, all these therapies have a 
considerable morbidity and mortality. Therefore, treatment refinements like 
limitation of the field of radiation or a more selective neck dissection are necessary 
[9–15]. MRI is one of the imaging techniques that is used to guide treatment 
decisions, but the ability of MRI to discriminate between lymph nodes with and 
without metastasis is still poor [16].  
 
A commonly used criterion for the assessment of cervical lymph node involvement 
on MRI is the short axial diameter, and several studies have been undertaken to 
determine the optimal cutoff size of the short axial diameter for discrimination 
between metastatic and non-metastatic lymph nodes. On MRI a commonly used 
size cutoff point is a short axial diameter of 10 mm, but a range varying from 9 to 
15 mm has been described [17–21]. The challenge for radiologists remains the 
detection of metastases in small lymph nodes with a short axial diameter below 10 
mm, because mere use of the size criterion will result in misclassification of these 
nodes as normal. In this respect, according to the literature, the performance of 
MRI is still poor for detection of lymph node metastases, and this concerns 
especially the detection of metastases in small lymph nodes [16].  
 
In addition to the size criterion, the use of morphological criteria might have added 
value to detect metastatic disease in lymph nodes. The diagnostic value of 
morphological criteria has not been well evaluated in patients with HNSCC. In 
patients with rectal cancer, Kim et al. demonstrated that in addition to the size 
criterion, morphological criteria such as borders and heterogeneity could be helpful 
signs to predict nodal involvement [22].  
 
The aim of our study was to evaluate the accuracy and additional diagnostic value 
of morphological criteria observed on MRI images, such as border irregularity and 
heterogeneity of the signal intensity on T2-weighted images and heterogeneity of 
enhancement on post-contrast T1-weighted images.  
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Materials and methods 

Patients 

This study was approved by the local medical ethics committee. Between January 
2002 and December 2006 a series of 44 consecutive patients [mean age was 61 
years (range: 40–86 years); 11 women and 33 men] with a HNSCC who 
underwent a unilateral or bilateral supraomohyoid  neck dissection (SOHND)  
(dissection of levels I-III) or radical (modified) neck dissection (R(M)ND) 
(dissection of levels I-V) was studied. All patients underwent MR imaging as part 
of the routine diagnostic workup. This was performed on a 1.5-T machine 
(Gyroscan, Powertrack 6000, Philips, Best, The Netherlands) by using a head-neck 
coil (Philips, Best, The Netherlands). Table 1 presents the relevant parameters of 
the MRI protocol. 

MR evaluation 

One general radiologist (observer 1) and one radiologist specialized in head and 
neck imaging (observer 2) independently evaluated the MR images retrospectively. 
Both observers were blinded to each other’s MR assessments, clinical information, 
and the results of the histological examination.  
 
In the first session, all lymph nodes were determined by position and slice number 
per neck level. The short axial diameter was recorded per lymph node. All lymph 
nodes were classified as normal (≤10 mm) or malignant (>10 mm).  
After a time interval of 8 weeks, the same MR images were reviewed again by the 
same radiologists blinded to each others’ MR assessments, clinical information, and 
the results of the histological examination. For every lymph node the decision was 
made whether it was normal or metastatic using three morphologic criteria. The 
first criterion was border as observed on fat-suppressed T2-weighted images 
(smooth, lobulated, spiculated, indistinct) (Figure 1 demonstrates the four different 
borders on the schematic drawing). Smooth (Figure 2A) and lobulated (Figure 2B) 
borders were considered as indicative of normal lymph nodes. Spiculated (Figure 
2C) and indistinct (Figure 2D) borders were considered as indicative of metastatic 
lymph nodes. The second criterion was degree of homogeneity of the signal 
intensity on contrast-enhanced T1-weighted images. A homogeneous enhancement 
was considered as normal. A heterogeneous enhancement was considered as 
indicative of metastatic lymph nodes. The third criterion was degree of 
homogeneity of the signal intensity on T2-weighted images. A homogeneous signal 
intensity was considered as normal. A heterogeneous signal intensity was 
considered as indicative of metastatic lymph nodes (Figure 3). 
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Pathological examination 

All neck dissections were performed en bloc. Immediately after the resection, the 
surgeon positioned the neck dissection specimen on a schematic drawing of the 
neck in real proportions and fixed it with needles (Figure 4). The pathologist 
manually identified and localized the lymph nodes per neck level in the specimen. 
The short axial diameter of all lymph nodes was recorded. Subsequently, lymph 
nodes were fixed, sectioned, and hematoxyline-eosine (HE) stained, and the 
presence of tumor in each lymph node was examined microscopically. The 
pathological results were used as the reference standard.  

Matching MR assessment to pathological examination 

The neck was subdivided according to the six different levels in agreement with the 
classification of the American Joint Committee on Cancer (AJCC); this 
classification was used by the radiologists when viewing the MR images and used 
by the pathologist when interpreting the specimen after neck dissection [23].  
 
The results of the measurements on MRI were compared with the results of the 
pathologic examination of the neck dissection specimens. By recording the 
combination of the short axial diameter and the exact location of each lymph node, 
it was possible to perform a topographical correlation for each lymph node per 
neck level.  

Statistical analysis 

Inter-observer agreement with respect to the evaluation of the criterion nodal size, 
and the criteria border irregularity, homogeneity of contrast enhancement on T1-
weighted images, and homogeneity of signal intensity on T2-weighted images was 
expressed by Cohen’s kappa coefficient (κ).  
 
For each lymph node, the scores for the MRI criteria were correlated with the 
outcome of the histological examination of the neck dissection specimen: presence 
or absence of lymph node metastasis. Diagnostic performances of nodal size and 
the new criteria for the diagnosis of metastasis were evaluated using diagnostic 
parameters, such as sensitivity, specificity, and diagnostic odds ratio (DOR). In 
diagnosis, one always has to compromise between sensitivity and specificity: as 
sensitivity increases, specificity will decrease and vice versa. The DOR is a measure 
of diagnostic performance, which incorporates sensitivity and specificity and thus 
captures the trade-off between these measures. A DOR=1 indicates that the test 
under study has no diagnostic value; a DOR>1 indicates that the test under study 
(in this case, the new MRI criteria) has the ability to discriminate between lymph 
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nodes with and without metastasis. The larger the DOR is, the larger the 
discriminative ability [24].  
 
Multivariate logistic regression analysis was used to evaluate whether a criterion, 
when used in combination with the other criteria, can be used as an independent 
indicator for differentiating metastatic from non-metastatic lymph nodes. The 
independent contribution of each criterion to the diagnostic performance is 
expressed as the DOR, which can be derived by exponentiation of the 
corresponding regression coefficient, where 95% confidence intervals (95% CI) are 
used to indicate whether the DOR is significantly different from DOR=1. 
Multivariate logistic regression analysis was also used to examine which of the new 
MRI criteria were most predictive of the presence of metastases and whether the 
use of these new criteria in addition to size significantly improved the detection of 
cervical lymph nodes metastases in HNSCC.  
 
The dependent variable in these models was the presence or absence of metastasis 
according to the pathological examination. The models incorporated as 
independent variable size as well as the three new MRI criteria. All criteria were 
entered as dichotomous variables, where abnormal and normal results were coded 
as 1 and 0, respectively.  
 
Predicted probabilities of metastasis from these models were used to calculate the 
area under the curve (AUC) with 95% CI as measure of diagnostic performance. 
The AUC of the model incorporating both the new criteria and the size criterion 
was compared with the AUC of the model that incorporated only the size criterion. 
The difference in AUCs for the different models was tested using the method 
described by Hanley et al., which accounts for the fact that the AUCs are derived 
from the same sample of patients [25]. A p-value <0.05 was considered to be 
statistically significant.  
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Table 1 Parameters of the head and neck MRI protocol  

Parameters Sequences    
 TSE  

T1-weighted 
SPIRa TSE  

T2-weighted 
SPIR CEb  

T1-weighted 
SPIR CE 

T1-weighted 
Field of view (mm) 220 220 220 220 
Slice orientation Transverse Transverse Coronal Transverse 
Matrix 512 512 512 513 
Section thickness (mm) 3 3 3 3 
No. of sections 65 65 50 65 
No. of signals acquired 3 3 3 3 
Acquisition time (min:s) 5:37 5:09 6:05 6:40 
TSEc factor 3 20 4 4 
TEd (ms) 13 80 14.50 14.50 
Tre (ms) 530 Shortest 500 500 
Slice gap 0 0 0 0 
a SPIR spectral pre saturation inversion recovery, b CE contrast enhanced, c TSE turbo spin echo,  
d TE echo time, e TR repitition timeMR evaluation 
 
 

Figure 1 Schematic drawing of the four borders for assessment of lymph nodes  
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Figure 2 Transverse turbo spin-echo T2-weighted images of the neck. Examples of the four different 
scores on border regularity. The lymph nodes (arrows) show (A) a smooth border, (B) a lobulated 
border, (C) a spiculated border, and (D) an indistinct border  

 

 

Figure 3 Transverse turbo spin-echo T2-weighted image 
of the neck showing an example of heterogeneous signal 
intensity (SI) in a lymph node in level II on the right side. 
The lymph node (arrowhead) with a homogenous SI, 
although a short axial diameter of 13 mm, showed no 
metastasis, whereas the smaller lymph node (arrow) (short 
axial diameter 9 mm) with a heterogeneous and eccentric 
area of low SI (small arrow) revealed metastasis at the 
pathologic examination  
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Figure 4 Schematic drawing of the different levels in 
the neck  

 

Results 

In 44 patients a neck dissection was performed: 9 supraomohyoid neck dissections 
and 37 radical (modified) neck dissections (in 2 patients a bilateral neck 
dissections). Distribution of the dissected neck levels was as follows; 32 level I, 41 
level II, 34 level III, 25 level IV, and 8 level V.  
 
At pathological examination a total of 261 lymph nodes was found: 71 lymph 
nodes with metastasis and 190 without metastasis (prevalence=27.2%). In all levels 
together, a total of 111 lymph nodes was found in level II, 52 lymph nodes in level 
I, 65 lymph nodes in level III, 25 lymph nodes in level IV, and 8 lymph nodes in 
level V. Lymph node metastases were present in 33 patients (patient 
prevalence=80.5%). The majority (82%) of 261 assessed lymph nodes was scored 
as having a size <10 mm. The average pathologic yield per patient was 11.5 lymph 
nodes.  
 
At assessment of the MR images of the dissected neck levels, a total of 360 lymph 
nodes was detected. Of these lymph nodes, 99 were shown to have a short axial 
diameter of ≤3 mm. Because these lymph nodes were not detected at pathological 
examination, they were excluded from further analysis.  
 
A total of 261 lymph nodes, which was found at pathological examination, was 
matched to lymph nodes that were detected on MRI by the two observers.  
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For observer 1, scores were lacking in 1 lymph node metastasis, leaving 260 lymph 
nodes for analysis: 70 lymph nodes with metastasis and 190 without metastasis. 
For observer 2, complete data were available for all 261 lymph nodes.  
 
Observer agreement was κ=1.00 for size, κ=0.62 for border irregularity, κ=0.51 for 
signal intensity on contrast-enhanced T1-weighted images, and κ=0.51 for signal 
intensity on T2-weighted images.  
 
Table 2 shows the sensitivity, specificity, and diagnostic odds ratio (DOR) with 
95% confidence interval (95% CI) for the diagnosis of metastasis for the criteria 
border (abnormal versus normal) on T2-weighted images, signal intensity on 
contrast-enhanced T1-weighted images (heterogeneous versus homogeneous), and 
signal intensity on T2-weighted images (heterogeneous versus homogeneous) for 
the two observers. With respect to the new criteria, the highest DORs are found 
for border irregularity and signal intensity on T2-weighted images. The lowest 
DORs are found for the criterion contrast enhancement on T1-weighted images.  
 
Table 3 shows the results for lymph nodes that were smaller than 10 mm. The 
DORs associated with the new criteria are smaller compared to the DORs for all 
lymph nodes, but are still elevated, indicating that the morphologic criteria are also 
useful for the detection of metastases in small lymph nodes. 
 
Table 4 shows the results from multivariate logistic regression analyses. The DORs 
associated with border irregularity were 2.61 (95% CI: 1.12–6.08) and 66.2 (95% 
CI: 20.4 -217) for observer 1 and 2, respectively; for heterogeneity on T2-weighted 
images DORs were 2.97 (95% CI: 1.42–6.18) and 22.6 (95% CI: 6.40–80.1). 
The DORs associated with heterogeneity on T1-weighted images are not 
significantly different from DOR=1.  
 
Another observation was that for observer 2, the DOR associated with size was 
1.02, indicating that for this observer size had no additional diagnostic value when 
considered in combination with the other criteria.  
 
The AUCs for predictive models using size only (≤10 mm versus >10 mm) were 
0.67 (95% CI: 0.61–0.73) and 0.68 (95% CI: 0.62–0.74) for observer 1 and 2, 
respectively. After incorporation of the three new criteria into models, the AUCs 
increased significantly to 0.81 (95% CI: 0.75–0.87) for observer 1 and to 0.96 
(95% CI: 0.94–0.98) for observer 2 (p<0.001). When the criterion “homogeneity 
of the signal intensity on contrast-enhanced T1-weighted images” was omitted 
from the predictive model, there was only a very small decrease in AUC for 
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observer 1 from 0.81 to 0.79 (95% CI: 0.73–0.85) and remained 0.96 (95% CI: 
0.93–0.98) for observer 2. This observation indicates that this criterion has little 
added diagnostic value.  
 

Table 2 Sensitivity, specificity, and diagnostic odds ratio (DOR) with 95% confidence interval (95% 
CI) for the diagnosis of metastasis for the MR criteria: size, border irregularity, signal intensity (SI) on 
contrast-enhanced (CE) T1-weighted images and SI on T2-weighted images for all lymph nodes  

 Observer 1   Observer 2  

All lymph nodes Sensitivity Specificity DOR 
(95% CI) 

Sensitivity Specificity DOR 
(95% CI) 

Short axial diameter (mm) 
>10 versus ≤10 

43 92 8.16 
(4.09–16.3) 

42 92 7.96 
(3.99–15.9) 

Borders on T2-weighted 
images piculated/indistinct 
versus smooth/lobulated 

63 84 8.68 
(4.69–16.1) 

87 94 112 
(44.7–280) 

SI on CE T1-weighted 
Images heterogeneous 
versus homogeneous 

71 66 4.81 
(2.65–8.71) 

61 65 2.89 
(1.65–5.05) 

SI on T2-weighted images 
heterogeneous versus 
homogeneous 

67 77 6.99 
(3.83–12.7) 

93 68 28.6 
(11.3–72.3) 

 
Table 3 Sensitivity, specificity, and diagnostic odds ratio (DOR) with 95% confidence interval (95% 
CI) for the diagnosis of metastasis for the MR criteria: size, border irregularity, signal intensity (SI) on 
contrast-enhanced (CE) T1-weighted images and SI on T2-weighted images for lymph nodes <10 
mm in short axial diameter 

  Observer 1 Observer 2 

Lymph nodes <10 mm Sensitivity Specificity DOR 
(95% CI) 

Sensitivity Specificity DOR 
(95% CI) 

Borders on T2-weighted 
images piculated/indistinct 
versus smooth/lobulated 

40 87 4.61 
(2.12–9.99) 

78 97 99.6 
(33.1–299) 

SI on CE T1-weighted 
images heterogeneous 
versus homogeneous 

53 70 2.52 
(1.25–5.08) 

42 68 1.49 
(0.74–3.00) 

SI on T2-weighted images 
heterogeneous versus 
homogeneous 

53 79 4.24 
(2.06–8.71) 

88 68 15.6 
(5.70–41.8) 
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Table 4 Results of multivariate logistic regression analyses. Regression coefficients (β), diagnostic 
odds ratios (DOR) with 95% confidence intervals (95% CI) for the size criterion, and the three new 
assessed MR criteria border, signal intensity (SI) on contrast-enhanced (CE) T1-weighted images and 
T2-weighted images for both MR observers  

 Observer 1 Observer 2 

MRI criteria β DOR (95% CI) β DOR (95% CI) 

Size >10 versus ≤10 mm 1.06 2.89 (1.25–6.70) 0.02 1.02 (0.25–4.18) 

Border on T2-weighted images  
versus smooth/lobulated 

0.96 2.61 (1.12–6.08) 4.20 66.2 (20.4–217) 

SI on CE T1-weighted images  
versus homogeneous 

0.37 1.45 (0.67–3.14) 0.68 1.97 (0.70–5.59) 

SI on T2-weighted images  
versus homogeneous 

1.09 2.97 (1.42–6.18) 3.12 22.6 (6.40–80.1) 
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Discussion 

The principal finding of this study was that in addition to the size criterion, new 
criteria, such as border irregularity and heterogeneity on T2-weighted images, 
result in a better diagnostic performance of MRI for the detection of cervical 
lymph node metastases in HNSCC.  
 
Accurate assessment of cervical lymph node metastases in HNSCC is important 
regarding prognosis and choice of management. Detection of lymph node 
metastases is usually based on the short axial diameter as size criterion.  
 
However, many studies have shown that the size criterion alone was not accurate 
enough as predictor for lymph node metastasis [16]. Sensitivity is poor when the 
commonly chosen cutoff value of 10 mm is used, and although use of a lower 
cutoff value, as proposed by van den Brekel et al., results in higher sensitivity, lower 
cutoff values are associated with low specificity [26]. We evaluated in this study the 
effect on sensitivity and specificity when lowering the cutoff point from 10 to 7 
mm in short axial diameter; sensitivity raised from 43% to 79%, but the associated 
specificity expectedly lowered from 92% to 64%. However, the corresponding 
diagnostic odds ratios (DORs) did not differ significantly (DOR=8.16 with 95% 
CI 4.09–16.3 versus DOR=6.43 with 95% CI 3.38–12.23).  
 
Another assessment of lymph node dimensions is the measurement of ratios of 
maximum longitudinal to maximum short axial diameter (l/s ratio). A ratio less 
than 2, like in round lymph nodes versus elliptical lymph nodes, is indicative of 
metastatic disease, but this is related to enlarged lymph nodes. Because in our 
presented series 82% of all assessed lymph nodes were not enlarged – showing 
short axial diameters less than 10 mm – we used in this study the 10-mm short 
axial diameter as cutoff point.  
 
Additional morphological criteria for the detection of lymph node metastasis have 
been evaluated in this study: the degree of border irregularity on T2-weighted 
images, homogeneity of the signal intensity on contrast-enhanced T1-weighted 
images, and the homogeneity of the signal intensity on T2-weighted images of 
lymph nodes.  
 
The results of univariate analyses, with which we compared the diagnostic 
performance of all four criteria under study, indicate that all criteria, when used 
alone, help to discriminate between lymph nodes with and without metastasis, but 
that the discriminative ability was lowest for degree of homogeneity of signal 
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intensity on contrast-enhanced T1-weighted images. This finding also holds after 
restricting the analysis to lymph nodes smaller than 10 mm. However, when 
compared with the analysis involving all lymph nodes, DORs were lower, 
indicating that within small nodes the discriminative ability is poorer. An 
exception was border irregularity, which for observer 2 was still associated with a 
high DOR of about 100 (compared with a DOR of 112 in the analysis based on all 
lymph nodes).  
 
Another morphological criterion that has been used is the presence of central 
necrosis. However, central necrosis is often seen in the larger involved lymph 
nodes, which based on their size only would have been classified as malignant 
anyhow [17–20]. The majority of lymph nodes in our series (82%) showed 
subcentrimetrical short axial diameters.  
 
Curtin et al. have already described the diagnostic value of the appearance of 
internal abnormalities in lymph nodes on CT and MRI; however, the performance 
of MRI was not changed significantly by the addition of information on internal 
abnormalities [18].  
 
Evaluation of the results of multivariate logistic regression analysis indicates that, if 
used in combination with the size criterion, for both observers the scores on border 
irregularity and heterogeneous signal intensity on T2-weighted images contribute 
significantly to the prediction of the presence of metastatic lymph nodes, whereas 
the criterion heterogeneity of signal intensity on contrast-enhanced T1-weighted 
images has no additional diagnostic value.  
 
Explanations for the MR features in metastatic lymph nodes could be the 
following. Firstly, changes of a smooth or lobulated border of normal lymph nodes 
into a spiculated or indistinct border could be due to direct extra-nodal tumor 
infiltration into the peri-nodal fatty tissue. Secondly, this phenomenon could be 
explained by a desmoplastic reaction around the affected lymph node, the similar 
feature that can be observed around a primary tumor site. Thirdly, tumor 
infiltration and presence of softening or necrosis within lymph nodes usually show 
on the pathological examination an irregular and heterogeneous pattern. This 
architectural distortion of the nodal parenchyma results in an irregular signal 
intensity on T2-weighted images and in a heterogeneous signal intensity on the 
contrast-enhanced T1-weighted images.  
 
The discrepancies in diagnostic performance between the two observers and low 
inter-observer agreement regarding the new morphological criteria could be 
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explained by the fact that observer 2, experienced in head and neck radiology, was 
better aware of the diagnostic value of border irregularity and homogeneity of 
signal intensity than his colleague who had less experience in the assessment of 
lymph node involvement. In this respect, the results also show that the criterion 
size for lymph nodes has limited discriminative value for the experienced observer 
2. For the more experienced observer, border irregularity and heterogeneity of 
signal intensity on T2-weighted images are more decisive in the diagnosis. This is 
reflected by the results of the univariate analysis with high DORs for the criteria 
border and signal intensity on T2-weighted images (112 and 28.6, respectively), 
when compared with the low DOR for the size criterion (7.96). Also, in the 
multivariate logistic regression analysis high DORs are presented for those criteria 
(66.2 and 22.6, respectively). This is in contrast to the DOR of 1.02 for the size 
criterion.  

Conclusions 

Newly assessed morphological criteria like border irregularity and heterogeneity of 
signal intensity on T2-weighted images in addition to the size criterion 
significantly improved the detection of cervical lymph node metastases on MRI in 
patients with HNSCC. Experience in assessment of cervical lymph nodes is 
required to adequately use these morphological criteria. 
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Abstract 

Introduction: The aim was to determine the diagnostic accuracy and additional 
value of diffusion-weighted imaging (DWI) for detection of malignant lymph 
nodes in head and neck squamous cell carcinoma (HNSCC). 
 
Methods: 219 lymph nodes, predominantly smaller than 10 mm (95.4%), in 16 
consecutive patients were evaluated at 1.5 Tesla. Lymph nodes were evaluated for 
maximum short axial diameter, morphological criteria and apparent diffusion 
coefficient (ADC) values (b=0 and b=1000 sec/mm2). Sensitivity, specificity, 
positive and negative predictive values as well as diagnostic odds ratios (DORs) 
and areas under the curves (AUCs) of ROC curves, were calculated for the various 
MRI criteria individually and in combination. Histological examination of lymph 
nodes in the neck dissection specimen was the gold standard to determine 
malignant involvement. 
 
Results: The optimal ADC threshold was 1.0 x 10-3 mm2/sec. Using this cut-off 
point, sensitivity and specificity were 92.3% and 83.9%, respectively. When used 
in combination with size and morphological criteria, ADC value <1.0 x 10-3 
mm2/sec was the strongest predictor of presence of metastasis (DOR=97.6). A 
model which added ADC values to the other MRI criteria performed significantly 
better than a model without ADC values: AUC=0.98 versus AUC=0.91 
(p=0.036). 
 
Conclusion In this study, with predominantly small lymph nodes, the ADC 
criterion is the strongest independent predictor of presence of metastasis. The use 
of ADC values in combination with the other MRI criteria significantly improves 
the discrimination between malignant and benign lymph nodes.  
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Introduction 

The presence of cervical lymph node metastases is an important prognostic factor 
in patients with head and neck squamous cell carcinoma (HNSCC) as this 
significantly worsens the treatment outcome [27-34]. Radiological imaging plays 
an increasingly important role in accurate assessment of the lymph node status of 
the neck. 
 
Frequently used criteria for differentiation between benign and malignant lymph 
nodes are the presence of necrosis – mainly seen in larger lymph nodes - and 
assessment of lymph node morphology such as borders and internal heterogeneity 
[11, 35]. Also the introduction of lymph node specific contrast agents like ultra 
small particles iron oxide (USPIO) on MRI provides differentiation between 
benign and malignant lymph nodes in the head and neck and results are improving 
[36-41]. 
 
Another commonly used criterion is the maximum short axial diameter for which 
several studies have been undertaken to determine the optimal cut off size [42, 43]. 
Small lymph nodes with a maximum short axial diameter below 10 mm are more 
challenging for radiologists, because the mere use of this size criterion will result in 
misclassification of malignant lymph nodes as normal on MRI evaluation. 
According to the literature, the performance of MRI is still poor in the assessment 
of lymph node metastases, and this concerns especially the detection of metastases 
in small lymph nodes [36]. 
 
Diffusion weighted imaging (DWI) is a non-invasive magnetic resonance imaging 
(MRI) technique that provides image contrast dependent on the molecular motion 
of water. Any architectural changes in the proportion of extra cellular to intra 
cellular water protons - like metastases in lymph nodes - will alter the diffusion 
coefficient of the tissue. Therefore, DWI provides in characterization of different 
tissues and lesions. Previous reports showed the utility of DWI in the region of the 
head and neck for different pathology[44-51]. In studies focused on nodal staging, 
the imaging results were based on series with only clinical positive necks in which 
large lymph nodes were selected for evaluation [52-55]. Studies focusing on mainly 
negative necks at clinical examination are scarce. 
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The aim of this study was to prospectively determine the diagnostic accuracy and 
additional value of DWI-MRI to conventional MRI - using size and morphology 
criteria - for differentiation between malignant and normal cervical lymph nodes. 

Patients and Methods 

Patients 

The local medical ethics committee approved this prospective study. Between 
March 2006 and December 2007 a series of 16 consecutive patients with a 
HNSCC who were scheduled for a supraomohyoid neck dissection (SOHND), 
selective or radical neck dissection (RND) enrolled in this study. All patients 
underwent MR imaging as part of the routine diagnostic work up, the findings of 
diffusion weighted imaging (DWI) were not used for clinical decision making. MR 
imaging was performed previous to ultrasonography with fine needle aspiration 
cytology of lymph nodes in the neck. 

MR imaging 

All examinations were performed at 1.5 T (Gyroscan, Powertrack 6000, Philips, 
Best, The Netherlands) using a Head-Neck coil (Philips, Best, The Netherlands). 
The Synergy Head-Neck coil was used for both the conventional and diffusion 
weighted MR imaging, the range was from the base of skull to the level of the 
clavicles. To ascertain correlation of the conventional images and DWI, all 
sequences were acquired with similar geometry. 
 
The conventional MR protocol consisted of axial fat suppressed T2-weighted 
(TR/TE 1704/80), axial and coronal T1-weighted (TR/TE 400/12), contrast 
enhanced axial and coronal fat suppressed T1-weighted (TR/TE 740/12) and 
coronal STIR (TR/TE/TI 5868/60/15) sequences. Slice thickness was 3 mm, there 
was no inter-slice gap. The matrix was 272 x 512 with a field of view 220 (RFOV 
80%).  
 
Diffusion weighted images were acquired in the axial plane by using a gradient 
single-shot echo planar imaging (EPI) sequence. The sequence was repeated for 
two b-values b=0 and b=1000 s/mm2 with the following parameters: TR/TE 
5666/70, section thickness was 3 mm according to the conventional protocol, the 
matrix was 272 x 512 with a field of view 400 (RFOV 80%), there was no inter-
slice gap, the number of signal acquisition (NSA) was 6. A total of 64 slices were 
acquired which covered the whole neck area from the skull base to the clavicles. 
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The total scan time was 4 min 54 sec. DWI was performed before the contrast 
enhanced T1-weighted sequences. Apparent diffusion coefficient (ADC) maps 
were automatically constructed by the post processing software of the MR system. 

Image evaluation 

Two radiologists with specific experience in head and neck imaging (12 and 4 
years, respectively), and taking part of multidisciplinary head and neck oncology 
conferences in a referral hospital, independently evaluated the conventional images. 
Both observers were blinded to each other’s MR assessments and clinical 
information. 
 
On the conventional MR images, lymph nodes were assessed for size and 
morphological criteria. All lymph nodes were determined by position and slice 
number per neck level, the maximum short axial diameter was recorded per lymph 
node and lymph nodes were classified as normal (≤10 mm) or malignant (>10 
mm). Furthermore, for each lymph node it was predicted whether it was benign or 
malignant by using the following morphological criteria determined on the fat 
suppressed T2-weighted images: the border of the lymph node (smooth, lobulated, 
spiculated or indistinct). Figure 1: presence of smooth and lobulated borders were 
considered as indicative of normal lymph nodes whereas that of spiculated and 
indistinct borders of malignant lymph nodes. Another criterion was the degree of 
homogeneity of the signal intensity; homogeneous signal intensity was considered 
as normal whereas heterogeneous signal intensity was considered as indicative of 
malignant lymph nodes. 
 
Diffusion weighted images were evaluated on the MRI scanner workstation on 
which the ADC maps were constructed automatically by the post processing 
software of the MR system. In consensus the two radiologists, who also assessed the 
conventional MR images, performed the evaluation of the diffusion weighted 
images. To ascertain a node-by-node correlation between the conventional images 
versus the diffusion weighted images, all lymph nodes on the T1–weighted and 
T2-weighted images were correlated to the corresponding b1000 images. On these 
b1000 images a region of interest (ROI) was drawn manually around each single 
lymph node, the ROI was copied to the ADC map and the ADC value was 
automatically calculated by the post processing software of the MR machine. This 
was done on all subsequent sections that contained lymph node parenchyma to 
ensure that most of the lymph node was included. The final ADC value of a lymph 
node was an average of all values from one single lymph node; this was expressed as 
mean ± standard deviation. Figure 2 demonstrates an example of this post 
processing technique. A necrotic area in a lymph node, determined as a hyper-
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intense region on the T2-weighted image with a hypo-intense region on the 
(contrast enhanced) T1-weighted images, was excluded from the area of analysis.  

Pathological examination 

All neck dissections were performed “en bloc”. Immediately after the resection the 
surgeon positioned the neck dissection specimen on a schematic drawing of the 
neck in real proportions and fixed it with needles. The pathologist manually 
identified and localized the lymph nodes per neck level in the specimen. The 
maximum short axial diameter of all lymph nodes was recorded. Subsequently, 
lymph nodes were fixed, sectioned and hematoxyline-eosine (HE) stained and the 
presence of tumor in each lymph node was examined microscopically. The results 
at pathology were used as the reference standard. 

Pathological-radiological correlation  

The neck was subdivided according to the six different levels in agreement with the 
classification of the American Joint Committee on Cancer (AJCC); this 
classification was used by the radiologists when viewing the MR images and used 
by the pathologist when interpreting the specimen after neck dissection [56]. 
 
The results of the measurements on MRI were compared with the results of the 
pathological examination of the neck dissection specimens. By recording the 
combination of the maximum short axial diameter and the exact location of each 
lymph node per neck level – related to surrounding anatomic structures such as 
blood vessels, muscles and salivary glands - it was possible to perform a topographic 
correlation for each lymph node between the pathological examination and the 
MR images. 

Statistical analysis 

Inter observer agreement with respect to the evaluation of the criteria size 
(maximum short axial diameter), border irregularity and homogeneity of signal 
intensity on T2-weighted images was expressed by Cohen’s kappa-coefficient (κ). 
 
For each lymph node, the scores on MRI criteria were correlated with the results of 
pathologic examination of the neck dissection specimen. Pathologic results with 
respect to presence or absence of lymph node metastasis were used as standard of 
reference. Results on MRI criteria were dichotomized and diagnostic accuracy was 
evaluated in terms of sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV). 
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Furthermore, discriminative ability was expressed by the diagnostic odds ratio 
(DOR). The higher the DOR, the higher the ability of a particular criterion to 
discriminate between lymph nodes with and without metastasis. A DOR=1 
indicates that the criterion under study has no diagnostic value; a DOR>1 indicates 
that the criterion has ability to discriminate between lymph nodes with and 
without metastasis.  
 
The independent contribution of each criterion under study was analyzed using 
multivariate logistic regression models. In these models, presence or absence of 
metastasis according to pathologic examination was the dependent variable and the 
dichotomized results on MRI criteria were entered as independent variables. 
Diagnostic odds ratios (DORs), which can be derived from these models by 
exponentiation of the regression coefficients, indicate to what extent each criterion 
in the model can be used as an independent predictor of the presence of metastasis 
in a lymph node.  
 
Finally, the added diagnostic value of ADC values to the other MRI criteria (size, 
border irregularity and signal intensity on T2-weighted images) was analyzed by 
using multivariate logistic regression models, which included different sets of MRI 
criteria. Model-derived predicted probabilities were used to construct receiver 
operating characteristic (ROC) curves. Areas under the curve (AUCs) with 95% 
confidence intervals were used to compare the diagnostic accuracy of various 
models. Differences between the AUCs were tested for statistical significance using 
the method described by Hanley et al., which accounts for the fact that the AUCs 
are derived from the same sample of patients. Statistical analyses were performed 
with SPSS 13 and STATA. In all analyses, p-values < 0.05 were considered as 
indicator for statistical significance[57]. 
 

 
Figure 1 Schematic drawing of the 4 borders for assessment of cervical lymph nodes. 
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Figure 2 Overview of measurement of the apparent diffusion coefficient (ADC) value of cervical 
lymph nodes. Axial T1-weighted (a) and fat suppressed T2-weighted (b) images are used to ascertain 
matching between lymph nodes (arrows) on the conventional and the diffusion weighted imaging 
(DWI). Two small lymph nodes (arrows) can also be observed on the DWI b1000 image (c), on this 
image regions of interest are drawn around the lymph nodes and automatically copied to the ADC 
map (d) on which reference numbers are correlated to the ADC values. 

Results 

In 16 patients (mean age 59 years [range 40-77 years]; 7 women and 9 men) a total 
of 17 neck dissections were performed; supraomohyoid neck dissection (SOHND) 
n=4, radical neck dissection (RND) n=4 and selective neck dissection n=9. 
Distribution of the total of 58 dissected neck levels was as follows; level I n=17, 
level II n=17, level III n=12, level IV n=5 and level V n=7. 
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Relevant patient characteristics, clinical findings, TNM classification and details of 
the performed neck dissections are summarized in Table 1. 
 
At assessment of the MR images of the 58 dissected neck levels a total of 281 
lymph nodes were detected. Of these lymph nodes, 62 had a short axial diameter of 
≤ 2 mm. Because these lymph nodes were not detected at the pathological 
examination they were excluded from further analysis. 
 
The large majority (13 out of 16) of patients presented without palpable lymph 
nodes at clinical examination (clinical negative neck), only a few lymph nodes 
exceeded the maximum short axial diameter of 10 mm at pathological and 
radiological examination. 
Pathological examination revealed 219 lymph nodes, which were matched to the 
lymph nodes on the MR images. Most lymph nodes were situated at levels I 
(n=45), level II (n=100) or level III (n=49). Only 25 nodes were detected at level 
IV (n=7) or level V (n=18). Evidence of metastases was demonstrated in 26 lymph 
nodes (node-based prevalence = 11.8%) and in 11 of 16 patients (patient-based 
prevalence=68.8%). Lymph node size in relation to the presence of metastases 
(n=26) was as follows: 5 mm n=5; 6 mm n=4; 7 mm n= 3; 8 mm n=6; 9 m n=1; 
10 mm n=3; 15 mm n=1; 18 mm n=1; 20 mm n=1; 30 mm n=1. The majority 
(95.4%) of lymph nodes on MRI showed a maximum short axial diameter ≤10 
mm. Only 10 nodes (4.6%) were >10 mm. Of these 10 pathological determined 
lymph nodes, 6 were negative at pathological examination (range 11-12 mm in 
maximum short axial diameter). Four lymph nodes, with maximum short axial 
diameter ranging from 15-30 mm, showed massive metastasis. Twenty-two of the 
26 metastases were found in the lymph nodes ≤10 mm. Figure 3 illustrates a lymph 
node with maximum short axial diameter of 12 mm with an ADC value of 1.3 x 
10-3 mm2/sec, pathological examination revealed no metastasis. 
 
Observer agreement for the three morphological criteria was κ= 0.86 for size, κ= 
1.00 for border irregularity and κ= 0.91 for signal intensity on the T2-weighted 
images. 
 
Table 2 presents combinations of sensitivity and specificity that were found using 
different cut-off values for ADC. Lower ADC values correspond with higher 
probability of lymph node metastasis. ADC values of malignant lymph nodes were 
significantly lower compared with benign lymph nodes with mean (standard 
deviation=SD) values of 0.85 x 10-3 mm2/sec (SD 0.19 x 10-3 mm2/sec) and 1.2 x 
10-3 mm2/sec (SD 0.24 x 10-3 mm2/sec), respectively.  
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High sensitivity combined with acceptable specificity was found for a cut-off point 
of <1.0 x10-3 mm2/sec versus >1.0 x10-3 mm2/sec. This cut-off value was used for 
further analyses. 
Table 3 shows the sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) for dichotomized ADC values and the other MRI 
criteria such as size, border irregularity and signal intensity on T2 weighted images. 
Both the dichotomized size and ADC criteria are associated with the highest 
sensitivity, but the high sensitivity for size is compromised by a high proportion of 
false positive results. 
 
Table 4 shows diagnostic odds ratios (DORs) with 95% confidence intervals (95% 
CI) for the individual MRI criteria when they are used separately (derived from 
univariate analyses) and for the individual MRI criteria when they are used in 
combination with each other (derived from multivariate analyses). When used 
separately, the border criterion is associated with the highest ability to discriminate 
between malignant and benign lymph nodes (DOR=90.1). However, when used in 
combination, the ADC criterion is the strongest independent predictor of presence 
of metastasis (DOR=97.6) followed by the border criterion (DOR=56.0). When 
evaluated in combination with the other criteria, the DOR of 4.4 (with 95% CI: 
0.7-28.0) associated with size no longer differs significantly from 1 and thus has no 
independent predictive value. 
 
Table 5 presents areas under the curve (AUCs) with 95% confidence intervals from 
various models. Model 3, adding ADC values to the other MRI criteria (size, 
border irregularity and signal intensity on T2-weighted images) performs 
significantly better than model 2 that does not add ADC values to the other three 
criteria: AUC=0.98 versus AUC=0.91 (p=0.036). Moreover, model 1, which 
includes only ADC as predictor of presence of metastasis, performs nearly as well as 
model 2, which includes the other three MRI criteria as predictors: AUC=0.89 
versus AUC=0.91 (p=0.52) 
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Table 1 Clinical findings in 16 consecutive patients with primary head and neck squamous cell 
carcinoma, clinical TNM classification and details of the performed neck dissections 

Clinical presentation Neck dissection (ND)  Patient 
no. 

Age 
(years) 

Gender 
 Primary tumor location Side 

Clinical 
TNM Type Side 

Dissected 
levels 

1 64 M Tongue R T2N0M0 Selective ND R I-III,V 
2 75 M Nasopharynx L T2N1M0 Radical ND L I-V 
3 53 M Tongue R T3N1M0 Radical ND R I-V 
4 62 F Tongue L T3N0M0 Selective ND L I, II 
5 58 M Vallecula R T1N0M0 Selective ND RR I, II, III, V 
6 40 M Tongue L T2N0M0 Selective ND L I-III 
7 54 M Nasopharynx L T1N1M0 Selective ND L I-III 
8 63 M Retro molar trigonum L T2N0M0 Selective ND L I-IV 
9 55 F Submandibular gland L T2N0M0 Selective ND L I, II 
10 72 M Tongue L T2N0M0 Supraomohyoid ND L I-III 
11 74 F Cheek L T2N0M0 Selective ND L I, II 
12 51 F Floor of mouth R T2N0M0 Radical ND R I-V 
13 52 F Soft palate L T2N0M0 Radical ND L I-V 
14 47 F Tongue R T3N0M0 Supraomohyoid ND R I-III 
15 50 F Tongue R T2N0M0 Selective ND R I, II 
16 77 M Nose - T2-3N0M0 Supraomhyoid ND R I-III 

      Supraomohyoid ND L I-III 

 
Table 2 Sensitivity, specificity, and diagnostic odds ratio (DOR) with 95% confidence interval (95%
CI) for the diagnosis of malignant cervical lymph nodes for different threshold values of the apparent
diffusion coefficient (ADC) 

Threshold Sensitivity(%) Specificity (%) DOR (95% CI) 

<0.9 x10-3 mm2/sec 
versus >0.9 x10-3 mm2/sec 

69.2 % 92.2 % 26.7 (10.0-71.5) 

<0.94 x10-3 mm2/sec 
versus >0.94 x10-3 mm2/sec 

84.6 % 90.2 % 50.4 (15.7-161.6) 

<1.0 x10-3 mm2/sec 
versus >1.0 x10-3 mm2/sec 

92.3 % 83.9 % 62.7 (14.1-279) 
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Table 3 Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
for the diagnosis of malignant lymph nodes for the MR criteria: apparent diffusion coefficient (ADC)
(≤1.0 x10-3 mm2/sec versus >1.0 x10-3 mm2/sec), size (maximum short axial diameter ≤10 mm 
versus >10 mm), border irregularity and signal intensity (SI) on T2-weighted images 

Criterion Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

ADC 
<1.0 x10-3 mm2/sec 
versus >1.0 x10-3 mm2/sec 

92.3 % 83.9 % 43.6 % 
 

98.8 % 
 

Size  ≤10 mm versus >10 mm 92.3 % 60.6 % 24.0 % 98.3 % 

Border irregularity on T2-
weighted images 
spiculated/indistinct 
versus smooth/lobulated 

61.5 % 98.3 % 84.2 % 94.4 % 

SI on T2-weighted images 
heterogeneous versus 
homogeneous 

50.0 % 94.8 % 56.5 % 93.3 % 

 
Table 4 Diagnostic odds ratios (DORs) with 95% confidence intervals (95% CI) for apparent
diffusion coefficient (ADC) levels and three assessed morphological criteria (size, border and signal
intensity). Results are derived from univariate and multivariate logistic regression analyses 

MRI criteria Univariate analysis 
DOR (95% CI) 

Multivariate analysis 
DOR (95% CI) 

ADC threshold 
<1.0 x10-3 mm2/sec 
versus >1.0 x10-3 mm2/sec 

62.7 (10.0-71.5) 97.6 (9.7-982) 

Size ≤10 mm versus >10 mm 18.5 (4.2-80.4) 4.4 (0.7-28.0) 

Border irregularity spiculated/indistinct
versus smooth/lobulated 

90.1 (22.5-361) 56.0 (4.4-719) 

Signal intensity on T2-weighted image
heterogeneous versus homogeneous 

18.2 (6.7-49.4) 12.8 (1.8-91.6) 

 
Table 5 Area under the curve (AUC) and 95% confidence intervals (95% CI) for predicted
probabilities of malignant lymph nodes derived from four models which included different
combinations of MRI criteria 

Model  Criteria  AUC 95% CI 
1 ADC (alone) 0.89 0.86-0.92 
2 size, border and signal intensity on T2-weighted images 0.91 0.84-0.99 
3 ADC, size, border and signal intensity on T2-weighted images 0.98 0.97-1.00 
4 size and ADC 0.94 0.91-0.96 
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Figure 3 51-year old patient with a squamous cell carcinoma in the floor of the mouth on the left side 
(arrowheads). The axial T1-weighted (a) and fat suppressed T2-weighted (b) images show in level II 
on the left side an enlarged lymph node (arrow) with a maximum short axial diameter of 12 mm. 
This lymph nodes is easily recognized on the diffusion weighted image (DWI) at b1000 (c). The 
corresponding area on the apparent diffusion coefficient (ADC) map (d) shows a calculated ADC of 
1.3 x 10-3 mm2/s. Pathological examination revealed no metastasis. 
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Discussion 

The results show that apparent diffusion coefficient (ADC) values calculated on 
the diffusion weighted images (DWI), alone or in combination with other 
morphological criteria, are useful in discriminating malignant from benign lymph 
nodes in head and neck squamous cell carcinoma (HNSCC). ADC values of 
malignant lymph nodes were significantly lower compared to benign lymph nodes. 
 
At present there are only few reports that demonstrate the usefulness of DWI-MRI 
in characterizing lymph nodes in the neck. Some studies reported the ability of 
DWI to discriminate between different histological lymph node cancers in the 
neck [53-55]. Others showed that ADC determination on DWI-MRI may have 
added value in discriminating malignant from benign lymph nodes in the neck 
[44, 45, 52]. All studies were performed in patients with palpable cervical 
lymphadenopathy (clinical positive necks), and further evaluation by MRI was 
limited to selected enlarged lymph nodes. 
 
In contrast to previous reports, this study is unique in that it mainly dealt with 
patients with clinically negative necks. In only 3 out of 16 patients lymph nodes 
were palpable at clinical examination, however, in only two patients an enlarged 
lymph node with maximum short axial diameter ranging from 18 to 30 mm could 
also be demonstrated on MRI and at pathological examination. The large majority 
of lymph nodes (95.4%) on MRI were ≤10 mm, within this group the 
pathologically confirmed malignant lymph nodes ranged a maximum short axial 
diameter of 5-10 mm. Those small lymph nodes would all be assigned as benign 
based on the size criterion. Especially the multivariate regression analyses 
demonstrate that the size criterion no longer differs significantly malignant from 
benign lymph nodes and thus has no independent predictive value. When used 
separately, the border criterion is associated with the highest ability to discriminate 
between lymph nodes with and without metastasis, however, when used in 
combination, the ADC criterion is the strongest independent predictor of presence 
of metastasis followed by the border criterion (Table 4). 
 
These results in the clinically negative necks are of great clinical relevance as DWI 
shows to be an accurate tool to differentiate metastases in small lymph nodes. In a 
radiologically negative neck the planned neck dissection could be converted to a 
wait-and-scan policy, whereas the radiologically determined positive neck would 
support the decision to perform a neck dissection. The relative high sensitivity and 
NPV for the size criterion in this study only accounts for lymph nodes exceeding 
10 mm in maximum short axial diameter (Table 3). However, as in this study the 
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large majority of lymph nodes were ≤10 mm, the size criterion does no longer 
differ in these lymph nodes between malignant and benign lymph nodes. This is 
expressed by the low DOR for the size criterion in the univariate and multivariate 
logistic regression analyses (Table 4). 
 
The optimal ADC threshold for this study population appeared to be 1.0 x10-3 
mm2/sec (Figure 4); when the criteria size and morphology on the conventional 
MR protocol were combined with this ADC threshold value, the area under the 
curve (AUC) significantly increased. Figure 5 illustrates the receiver operating 
characteristics (ROC) curves derived from predicted probabilities from models 
including different criteria sets. A model which added ADC values to the other 
MRI criteria performed significantly better than a model without ADC values 
whereas the model which includes only ADC performs nearly as well as the model 
which includes the other three MRI criteria. In a previous study the same assessed 
morphological criteria showed - in addition to the size criterion – an increased 
AUC from 0.91 to 0.96. However, this accounted solely for the experienced head 
and neck radiologist in a series with higher prevalence of metastases (27.2%) and 
larger assessed lymph nodes (18% >10 mm) [58].  
 
The chosen ADC threshold of 1.0 x10-3 mm2/sec in this study might be difficult to 
reproduce in other centers. This is probably based on the differences in study 
design and techniques that will be used and differences in selection of patient 
series, i.e. the sizes of assessed lymph nodes might influence the choice of the ADC 
threshold as larger lymph nodes tend to show necrosis and this will affect the ADC 
values. To use DWI for characterizing lymph nodes in general practice, there 
should be a well-established threshold for the ADC values. It is advisable that 
thresholds are reproducible in different centers and on different MR machines, to 
set the ADC threshold to the proper value depends on the differential diagnosis of 
expected lymph node pathology. 
 
Some limitations of this study have to be addressed. Firstly, the low prevalence of 
malignant lymph nodes, with as a result that the negative predictive values  
were high for all MRI criteria. It must be kept in mind that predictive values are 
not independent of the setting in which the test is used and are strongly influenced 
by the prevalence; metastases were present in only 26 out of 219 lymph nodes and 
negative predictive values of tests tend to be high when applied in a population 
with a low likelihood of the disease. It also has to be mentioned that the primary 
tumor sites in this study, which are relatively more likely to show small metastases, 
have been of influence especially on the size criterion showing low diagnostic 
accuracy and additional value. Secondly, in 9 out of 45 lymph nodes (20%) with a 
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size of 3-4 mm in maximum short axial diameter, ADC values were observed 
below the threshold of 1.0 x 10-3 mm2/sec. None of these small lymph nodes 
showed histopathological evidence of metastasis; partial volume effect when 
drawing ROIs on the b1000 images around these small lymph nodes might be 
responsible for the false positive results. Thirdly, although the scan-time of DWI 
will only take less than 5 minutes, it must be said that evaluating all lymph nodes 
at the MR workstation is time consuming.  

Conclusions 

We demonstrated in a series with predominantly small lymph nodes that ADC 
values calculated on the diffusion weighted MRI is a strong predictor of the 
presence of metastasis, independently from other predictors such as size and 
morphology, in patients with head and neck squamous cell carcinoma (HNSCC). 
The use of ADC values in combination with the other MRI criteria significantly 
improves the discrimination between malignant and benign lymph nodes. 
 

 
Figure 4 Graph of box plots shows the apparent diffusion coefficient (ADC) values of malignant and 
benign lymph nodes. The horizontal line in the box represents the median (50th percentile), whereas 
the top and the bottom represent the 25th and 75th percentile, respectively. The whiskers represent the 
range from the largest and the smallest measured ADC data. The ADC values of benign lymph nodes 
are higher than compared than those of malignant lymph nodes.  
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Figure 5 Receiver operating characteristics (ROC) curves derived from predicted probabilities from 
models including different sets of MRI. A model which added ADC values to the other MRI criteria 
(green line) performed significantly better than a model without ADC values (gray line): AUC=0.98 
versus AUC=0.91 (p=0.036). Moreover, the model which includes only ADC (blue line) as predictor of 
presence of metastasis performs nearly as well as the model, which includes the other three MRI criteria 
as predictors: AUC=0.89 versus AUC=0.91 (p=0.52).  
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General discussion 

The objectives of this thesis were to evaluate the diagnostic performance of MR 
imaging for the detection of metastatic lymph nodes in the neck in patients 
presenting with HNSCC and to explore how accuracy of diagnosis by MRI can be 
improved. The prognosis of patients with HNSCC is mainly determined by the 
presence or absence of lymph node metastases. Therefore, the identification of 
lymph node disease by radiological imaging methods remains a challenge for each 
radiologist working in the diagnostic oncology field. Despite several attempts 
regarding imaging and therapy that have been made in the last decades, the 
prognosis of head and neck cancers has not really been improved. Part of the lack 
of improvement can be contributed to the fact that precise stratification of patients 
to more or less aggressive treatments is not possible, as staging by imaging lacks 
sufficient accuracy. 

Evaluation of diagnostic accuracy of MRI 

Prediction of lymph node involvement with the currently available radiological 
imaging modalities cannot be reliably used for clinical decision making, unless 
combined with invasive and demanding procedures such as ultrasound guided fine 
needle aspiration cytology (USgFNAC). 
 
However, there are some drawbacks regarding the use of USgFNAC. This 
technique is not only time consuming, but also operator dependent and subject to 
false negative results due to sampling errors. The reported variation in sensitivity of 
48-97% might indicate that USgFNAC is less reproducible in general centers. 
Another limitation is that lymph nodes located in the retropharyngeal space are 
beyond the scope of the US probe. Unlike USgFNAC, MRI is non-invasive and 
less dependent on the operator experience. MRI provides a roadmap before 
treatment and can be helpful for radiotherapists and surgeons to plan their 
treatment approach. A further advantage, as compared with CT and PET-CT, is 
that the patient is not exposed to radiation. Therefore, MRI could become an 
excellent imaging tool for detection of metastases in cervical lymph nodes if 
sensitivity and specificity could reach levels acceptable for clinical decision making. 

Additional value of morphological criteria 

The finding that USgFNAC is superior to US, CT and MRI was confirmed in a 
meta-analysis of 17 published studies (Chapter 3). US performed better than CT 
and MRI. MRI without the use of the contrast agent USPIO was associated with 
poor performance. According to the published literature, MRI is not sufficiently 
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accurate to exclude the presence of occult metastases. Sensitivity and specificity of 
MRI definitely need to be improved. The poor performance of MRI may partly be 
explained by the consideration that the mere use of size as a criterion to classify 
lymph nodes as benign or malignant is inadequate. Sensitivity is poor when using 
the commonly used cut-off value of 10 mm, and although use of a lower cut-off 
value results in higher sensitivity, lower cut-off values are associated with low 
specificity. Also the use of other criteria, such as measurements of ratio in 
dimensions and morphological aspects of lymph nodes, was expected to decrease 
the probability that small metastatic lymph nodes will be missed. The results 
presented in Chapter 5 indicate that morphological criteria, like border irregularity 
and heterogeneity of signal intensity on T2-weighted images, in addition to the size 
criterion significantly improved the prediction of the presence of cervical lymph 
node metastases in patients with HNSCC. All criteria evaluated and used as a 
stand-alone, helped to discriminate between nodes with and without metastasis. 
However, the study showed that diagnostic odds ratios (DORs) associated with the 
combined use of all morphological criteria were the best, and in particular for the 
specialized radiologist. This finding indicates that experience in head and neck 
imaging is required for adequate use of morphological criteria. 
 
The results in Chapter 5 also show that after restriction of the analysis to lymph 
nodes smaller than 10 mm, the morphological criteria were still useful, but 
discriminative ability was poorer. Reductions in sensitivity were only minor for the 
experienced MRI reader, but for the less experienced reader sensitivity reductions 
were more substantial: from 63% to 40% for border irregularity and 67% to 53% 
for signal heterogeneity on T2-weighted images, respectively. An explanation for 
these findings may be that an experienced observer is less focused on size and better 
aware of the diagnostic value of other criteria. As a result, border irregularity and 
signal heterogeneity on T2-weighted images are more decisive in the diagnosis; this  
was also reflected by the results from univariate analyses with higher DORs for 
these criteria (DOR=112 and DOR=28.6, respectively) when compared with the 
low DOR associated with size (DOR=8). 

Additional value of other MRI sequences: STIR and DWI 

This thesis also explored the additional value of the use of other MRI sequences 
and newer functional MR techniques, such as the STIR and DWI. 
The results presented in chapter 4 indicate that the use of the STIR sequence 
compared to the size criterion on conventional MRI improved the detection of 
cervical metastatic lymph nodes in HNSCC. It has to be emphasized that the sole 
finding of pathological hypo-intense signal on the reversed STIR images will not be 
sufficient to determine lymph nodes as malignant: STIR is highly sensitive for the 
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detection of pathologic lesions, but it is not specific for malignancy alone as a 
hypo-intense signal can also be observed in inflammatory lymph nodes. However, 
this finding on STIR is an important indicator of pathological lymph nodes, and 
the STIR sequence has added value as it could be used as a pathfinder for 
visualization and detection of existing lymph nodes. Subsequently, other available 
MRI sequences and morphological criteria should be reviewed for the decision to 
determine detected lymph nodes on STIR to be malignant. 
 
Use of the diffusion weighted imaging (DWI) sequence provides quantitative 
functional information on nodes by measuring the apparent diffusion coefficient 
(ADC). The use of ADC values in combination with other MRI criteria 
significantly improved the discrimination between malignant and benign lymph 
nodes. A model which added ADC values to the other predictors performed 
significantly better than a model without ADC values (AUC=0.98 versus 
AUC=0.91, p=0.036). Other studies have shown that determination of ADC 
values may have added value to conventional MRI in discriminating malignant 
form benign nodes in the neck. However, these studies were all performed in 
patients with palpable nodes at clinical examination (clinically positive necks). The 
study described in Chapter 6 is unique in that it mainly dealt with patients with 
clinically negative necks. In this clinically relevant population, use of the ADC 
value resulted in more accurate diagnosis than use of the size criterion 
(sensitivity/specificity for ADC was 92%/84% compared with 92%/61% for size). 
Based on these results, the use of DWI-MRI seems a promising technique for 
detection of lymph node involvement in patients with HNSCC. If future studies 
can confirm these results, non-invasive DWI-MRI might potentially be able to 
replace the more invasive USgFNAC modality. At present, the measurements of 
ADC values are time consuming and not suitable for implementation in general 
practices, unless studies will focus on automatically acquisition of the ADC data.  
Future studies should also address the question whether the ADC threshold value 
of 1.0 x 10-³ mm²/sec, which was used in this study to differentiate between benign 
and malignant lymph nodes, is optimal for use in other study populations which 
may differ in distribution with respect to clinically positive and negative necks. 

Diagnosis and management of patients with clinically negative necks 

Diagnosis of cervical lymph node metastases in patients with clinically N0 necks 
constitutes the main challenge, because for these patients there is much at stake. 
On the one hand, inability to completely rule out the presence of lymph node 
metastases by radiological imaging  implies that there is a risk that occult 
metastases remain undetected and that the patient is undertreated, which has 
negative repercussion for the prognosis of these patients. On the other hand, a 
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“wait-and-see policy”, where it is decided to refrain from elective dissection of 
lymph nodes, has the advantage that unnecessary morbidity due to surgery can be 
avoided in patients who are free from cervical lymph node metastases. Especially in 
this group, evaluation of the accuracy of radiological imaging modalities is 
clinically relevant and therefore, it is surprising that studies in patients with N0 
necks are almost absent from the literature. The literature search that was required 
for the meta-analysis in Chapter 3 revealed that studies, which explicitly address 
the evaluation of the clinically N0 necks, are scarce. In the literature, only three 
such studies could be found and two of these studies were included in the review. 
Only one study evaluated diagnostic performance of MRI in patients with N0 
necks [1]. This study used size and central necrosis as criteria for the differentiation 
between malignant and benign nodes and quite surprisingly found acceptable 
estimates of sensitivity and specificity (82% and 81%, respectively). The diagnostic 
odds ratio, which combines sensitivity and specificity into one measure, was 19 and 
corresponds well with the results in Chapter 5, where size was associated with  a 
sensitivity of  92%, a specificity of 61%  and  a DOR=18. These DORs compare 
favorably with the mean DOR for MRI that was estimated at DOR=7 in the meta-
analysis. This finding however raises the question whether the size criterion 
performs better in patients with N0 necks than in patients with N+ necks or 
whether these results occurred by chance. Furthermore, it is important to evaluate 
whether the diagnostic gain, which can be achieved by using other criteria than size 
in patients with N0 necks, is comparable to that in patients with palpable cervical 
lymph nodes. Future studies should focus more on diagnostic performance of the 
combined use of MRI features in patients with N0 necks to provide the answers. 
The consideration that we need answers to clinically relevant questions should 
outweigh objections that, due to lower prevalence of lymph node metastases, 
smaller sample sizes will be available for estimation of sensitivity than in series with 
N+ necks. 

Future perspectives 

The role in future of the blood pool contrast agent Ultra small Super Paramagnetic 
Iron Oxide (USPIO) is questionable as USPIO is not FDA approved in Europe 
nor at the other side of the Atlantic. Another MR blood pool contrast agent, 
Gadofosveset, (Vasovist®Bayer Schering Pharma) has shown potential in 
preliminary studies in rectal cancer patients; however at the moment of writing, 
this contrast is not marketed in Europe but only available on the market in the 
USA. [2] 
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There is early experience indicating that DWI may not only be helpful for 
detection and staging of the primary tumor and regional lymph node metastases, 
but also for detection of distant metastasis. Especially Whole Body DWI (DWIBS) 
seems to be particularly promising and even shows the potential to compete with 
the results of PET-CT. DWIBS is a method without the use of intravenous 
contrast agent and without the use of irradiation[3]  
 
Developments in the field of combined imaging, such as the integrated PET-CT 
and PET-MRI machines, in which functional and morphological information are 
combined, will probably further refine the assessment of the neck [4-13]. 
 
It is very likely to assume that the MRI sequences STIR and DWI, combined with 
the morphological criteria border irregularity and heterogeneous signal will provide 
the highest diagnostic performance. A prospective study is needed to prove this 
assumption. 
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Conclusions 

According to a meta-analysis comparing USgFNAC, US, CT and MRI with 
respect to diagnostic accuracy for the detection of cervical lymph node metastases, 
conventional MRI had the worst diagnostic performance. MRI was not accurate 
enough to rule out the presence of (occult) metastases. 
 
The use of the STIR sequence improves the diagnostic accuracy of MRI, and the 
STIR sequence has added value as it could be used as a pathfinder for visualization 
and detection of existing lymph nodes. A hypo-intense signal intensity of lymph 
nodes on STIR is an important, but not specific, indicator of pathology. 
Subsequently, other MRI sequences and morphological criteria should be used for 
the decision to determine lymph nodes to be malignant. 
 
The use of morphological criteria for assessment of lymph nodes assessed on T2 
weighted images in addition to size significantly improved the prediction of the 
presence of cervical lymph node metastases in patients with HNSCC. However, 
experience in head and neck imaging is required for adequate use of the assessed 
morphological criteria. 
 
The use of the diffusion weighted imaging (DWI) sequence provides information 
on the apparent diffusion coefficient (ADC) of different tissues and lesions. ADC 
values of malignant lymph nodes were significantly lower compared with benign 
lymph nodes. The optimal cut-off value for ADC was 1.0 x10-3 mm2/sec.  The use 
of ADC values in combination with other MRI criteria significantly improved the 
discrimination between malignant and benign lymph nodes in patients with 
predominantly clinically negative necks. ADC measurements are time consuming 
and at present not yet ready for clinical implementation in a busy radiological 
practice. 
 
The results on the predictive value of MRI features for the presence of lymph node 
metastases have to be validated in other studies;other populations and prediction 
models, which assign weights to the scores on different criteria, have to be 
developed. 
 
Diagnosis of cervical lymph node metastases in patients with N0 necks constitutes 
the main challenge, but studies that explicitly address the evaluation of the 
clinically N0 necks are scarce. Future studies should focus on diagnostic 
performance of the combined use of MRI features in patients with clinically 
negative necks. 
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Recommendations 

At present, no difference in MRI protocol should be made for the clinically N0 or 
clinically N+ necks. 
 
The pretherapeutic work up of patients with HNSCC should preferably be 
performed in expert centers as experience is essential when using the morphological 
criteria. Calculation of ADC values derived from the DWI sequence is time 
consuming and not yet suitable in peripheral settings. Furthermore, there is more 
research and evidence needed to establish the added diagnostic value of DWI. 
 
The MRI protocol - focussed on the assessment of both the primary tumor and the 
neck nodes -  is recommended to include the STIR sequence as a road map of 
lymph nodes, subsequently morphological criteria should be assessed on fat 
suppressed T2 weighted images, and the DWI sequence should be performed to 
calculate the ADC values. A combined assessment of MRI sequences and criteria is 
recommended to achieve the highest diagnostic performance. 
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Summary 

In this thesis the diagnostic value of MRI relative to that of other imaging methods 
is discussed with regard to the differentiation of malignant from benign cervical 
lymph nodes in patients with head and neck squamous cell carcinoma (HNSCC). 
The focus is on the use of new sequences and/or other MRI criteria to improve the 
diagnostic performance. 
 
In Chapter 2 the anatomy and physiology of lymph nodes are described. 
Furthermore, this chapter aimed at describing the present status of modern 
imaging techniques for identifying lymph node disease in patients with head and 
neck cancer. An overview is given of all applicable radiological imaging modalities 
in which for every modality the present diagnostic accuracy is discussed. 
 
Chapter 3 presented a meta-analysis in which the diagnostic performance of the 
radiological imaging modalities US, USgFNAC, CT, and MRI are compared for 
the detection of cervical lymph node metastases in patients with HNSCC. 
USgFNAC shows to be the most reliable imaging technique to assess the presence 
of metastases in cervical lymph nodes. Ultrasound alone is associated with a lower 
diagnostic performance, this is followed by CT. Conventional MRI shows to be 
the least performing imaging modality. Furthermore, some advantages and 
disadvantages of each imaging modality are discussed. 
 
In Chapter 4 an analysis is performed on the role of the STIR sequence over the 
size criterion on the conventional MRI for the detection of cervical lymph nodes 
metastases in HNSCC. The use of the STIR sequence improves the diagnostic 
accuracy of MRI, and the STIR sequence has added value as it could be used as a 
pathfinder for visualization and detection of existing lymph nodes. STIR is a 
sensitive and fast MRI sequence and adding STIR to the conventional MRI 
protocol is recommended. 
 
Chapter 5 presents a study on the use of morphological criteria for the detection of 
cervical lymph node metastases in patients with HNSCC. The morphological 
criteria border irregularity and heterogeneity of signal intensity assessed on T2-
weighted images, in addition to the size criterion on the conventional MRI, 
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significantly improve the detection of cervical lymph node metastases. Experience 
in assessment of cervical lymph nodes is required to adequately use these 
morphological criteria. 
 
In Chapter 6 is investigated the use of Diffusion Weighted Imaging (DWI) and 
Apparent Diffusion Coefficient (ADC) in patients with HNSCC. In a series with 
predominantly small lymph nodes, ADC values calculated based on the diffusion-
weighted MRI appeared to be a strong predictor of the presence of metastasis, this 
was independent from other assessed predictors such as size and morphological 
criteria. The optimal ADC threshold to differentiate between malignant and 
benign lymph nodes in this evaluated study population appeared to be 1.0 x10-3 
mm2/sec. From the results it can be concluded that the use of ADC values, in 
combination with the other assessed MRI criteria, significantly improves the 
discrimination between malignant and benign cervical lymph nodes. 
 
Chapter 7 provides a general discussion and future perspectives are discussed. 
 
Chapter 8 focuses on the main conclusions and recommendation for MR imaging 
are provided. 
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Samenvatting 

In dit proefschrift wordt de diagnostische waarde beschreven van MRI ten opzichte 
van andere beeldvormende technieken met de focus op de differentiatie van 
maligne van benigne lymfeklieren in de hals bij patiënten met een 
plaveiselcelcarcinoom in het hoofd-hals gebied. De nadruk ligt op het gebruik van 
nieuwe MRI sequenties en/of het gebruik van morfologische criteria voor de 
beoordeling van lymfeklieren, met als doel om de diagnostische waarde van MRI te 
verbeteren. 
 
Hoofdstuk 2 behandelt de anatomie en fysiologie van lymfeklieren. Het doel van 
dit hoofdstuk is het beschrijven van de actuele status van de beeldvormende 
technieken voor de detectie van lymfekliermetastasen bij hoofd-hals kanker. Er 
wordt een overzicht gegeven van alle beschikbare radiologische beeldvormende 
technieken, waarbij voor elke modaliteit de huidige diagnostische waarde wordt 
beschreven. 
 
Hoofdstuk 3 bespreekt een meta-analyse, waarbij de radiologische modaliteiten 
echografie (US), echografie geleide cytologische punctie (USgFNAC), CT en MRI 
worden vergeleken, en de diagnostische waarden worden bepaald, voor de detectie 
van lymfekliermetastasen in de hals bij patiënten met een plaveiselcelcarcinoom in 
het hoofd-hals gebied. USgFNAC blijkt hiervoor de meest betrouwbare beeld-
vormende techniek te zijn. Echografie alleen, dus zonder cytologische punctie, 
heeft een lagere diagnostische waarde, gevolgd door CT. Conventioneel MRI 
onderzoek is de modaliteit met de laagste diagnostische waarde. Enkele voor- en 
nadelen van elke beeldvormende techniek worden in dit hoofdstuk nader 
besproken. 
 
Hoofdstuk 4 beschrijft een studie waarbij de rol van de STIR sequentie, ten 
opzichte van het groottecriterium bij het conventionele MRI onderzoek, voor de 
detectie van lymfekliermetastasen in de hals bij patiënten met een hoofdhals 
plaveiselcelcarcinoom is geanalyseerd. Het gebruik van STIR verbetert de 
diagnostische waarde van MRI. Verder heeft STIR een toegevoegde waarde als 
signaalfunctie bij de detectie van lymfeklieren in de hals; deze kunnen vervolgens 
ook worden beoordeeld op basis van andere criteria. STIR is een sensitieve en 
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snelle MRI sequentie. De toevoeging van de STIR sequentie aan het conventionele 
scanprotocol wordt daarom aanbevolen. 
 
Hoofdstuk 5 betreft een studie naar het gebruik van morfologische criteria ten 
behoeve van de detectie van lymfekliermetastasen in de hals bij patiënten met een 
plaveiselcelcarcinoom in het hoofd-hals gebied. De morfologische criteria met 
betrekking tot onregelmatige afgrensbaarheid van de lymfeklier en heterogeniteit van de 
Signaal Intensiteit van lymfeklieren, die het best op de T2-gewogen MRI beelden 
kunnen worden beoordeeld, worden vergeleken met het grootte criterium op het 
conventionele MRI onderzoek. Het gebruik van deze criteria leidt tot een 
significante verbetering van de detectie van lymfekliermetastasen. Deze beoordeling 
vereist echter ruime ervaring om deze criteria adequaat te kunnen toepassen. 
 
In hoofdstuk 6 is wordt het gebruik van Diffusion Weighted Imaging (DWI) en de 
Apparent Diffusion Coefficient (ADC) besproken. Uit de resultaten blijkt dat een 
groot deel van de patiënten een klinisch negatieve hals hadden en het merendeel 
van de beoordeelde lymfklieren kleiner dan 1 cm in doorsnede waren. De ADC 
waarde - berekend op basis van de DWI gewogen beelden- blijkt een sterke 
voorspeller te zijn van de aanwezigheid van metastasen in lymfeklieren. Dit 
resultaat is onafhankelijk van de andere variabelen zoals de criteria grootte en 
morfologie. De optimale ADC drempelwaarde voor de differentiatie tussen 
maligne en benigne lymfeklieren in deze studiepopulatie wordt bepaald op 1.0 x10-

3 mm2/sec. Uit deze resultaten kan worden geconcludeerd, dat het gebruik van de 
ADC in combinatie met de andere MRI criteria het onderscheidend vermogen 
aanzienlijk verbetert tussen maligne en benigne lymfklieren. 
 
Hoofdstuk 7 betreft de algemene discussie, waarbij er, naast de gevonden 
resultaten, ook enkele overwegingen worden gegeven ten aanzien van toekomstig 
onderzoek. 
 
In Hoofdstuk 8 worden de conclusies van dit proefschrift beschreven en worden er 
aanbevelingen gedaan ten aanzien van de MR beeldvorming van de hals. 
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Dankwoord 

Een promotieonderzoek gaat zeker niet vanzelf, dat geldt ook minstens voor de 
afronding daarvan. Met veel enthousiasme ben ik in 2006 gestart met het 
onderwerp MR beeldvorming van halsklieren bij hoofdhals tumoren, resulterend in 
dit proefschrift. De totstandkoming hiervan heeft afgehangen van vele 
betrokkenen, in de eerste plaats de medewerking van alle patiënten waarvoor ik hen 
graag wil bedanken. Voorts zijn er vele betrokkenen in mijn werk en privé 
omgeving geweest die het mogelijk hebben gemaakt om voldoende tijd te kunnen 
besteden aan dit onderzoek. 
 
In gedachten ben ik niemand vergeten, hoogstens wordt nu niet iedereen genoemd. 
 
Prof. dr. R.G.H. Beets-Tan, promotor. Beste Regina, tijdens mijn kennismaking 
met de afdeling radiologie in het MUMC was jij het eerste staflid waar ik aan werd 
voorgesteld door Prof. dr. J.M.A. van Engelshoven: ‘met Regina kun jij wel zaken 
doen!’. En dat was ook zo. Jouw bevlogenheid voor de research is ook mij niet 
ontgaan. Inspirerende en soms felle research besprekingen waren kenmerkend voor 
jou. Het resultaat ligt hier nu voor je. De band die wij hebben opgebouwd is deels 
gebaseerd op eenzelfde drive om onze doelen te bereiken. Verder was er een niet 
onbelangrijke geografische band; onze domicilie in het mooie Eijsden. Ik ben blij 
met jou als promotor. 
 
Prof. dr. B. Kremer, promotor. Beste Bernd, jouw enthousiasme voor het 
onderwerp van mijn thesis is voor mij inspirerend geweest. De expertise die jij hebt 
op het gebied van de hoofdhals oncologie heeft een positief effect gehad op het 
schrijven van de artikelen, wat ook heeft geresulteerd in goede en snelle publicaties. 
Zoals jij dat zelf noemde: “Es geht wie der Feuerwehr”. Jouw ontspannen en open 
houding, interesse in de ander en hoffelijkheid maken dat het heel prettig 
samenwerken is geweest. Geheel voor de hand liggend dat jij mijn promotor bent. 
 
Dr. J.W. Casselman, co-promotor. Beste Jan, na een periode met jou te hebben 
gewerkt in Brugge begrijp ik welke inspanning het vergt om wereldwijd te 
excelleren in de hoofdhals radiologie en dat in combinatie met het voeren van een 
algemene radiologische praktijk. Het resultaat hangt af van de inspanning. In 
Brugge hadden wij in mijn laatste twee dagen (en dus ook twee nachten!) iets meer 
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dan 500 dossiers en bijbehorende MRI scans nagekeken. Snel opgeschreven leverde 
dat kort daarna een goede publicatie op. Belangrijker zijn jou twee gouden regels; 
houdt de clinici zoveel mogelijk te vriend, en wees nooit bang om kennis met 
anderen te delen want je wordt er zelf alleen maar beter van. Jij hebt jouw expertise 
van de hoofdhals radiologie met mij gedeeld, ik moet je zeggen dat we beide zijn 
gegroeid. Echter, het verschil tussen ons is wel even groot gebleven! Ik ben er trots 
op dat jij mijn co-promotor bent. 
 
Dr. P.M. Nelemans, co-promotor. Beste Patty, jij wilde na mijn researchperiode 
niet de geschiedenis in gaan als “een rots in de branding”. Voor wat betreft het 
epidemiologische deel en de statistische analyses was jij dat echter wel. Recht door 
zee, een kritische kijk op een onderzoek hebben zeker geresulteerd in een hogere 
kwaliteit van de artikelen en mede daardoor ook snelle acceptaties. Tijdens onze 
besprekingen dobberden wij vaak af naar andere onderwerpen zoals vakanties en 
forelvissen, ik denk met plezier terug aan onze bijeenkomsten. 
 
De leden van de beoordelingscommissie, Prof. dr. C. Boetes, Prof. dr. J.O. 
Barentsz, Prof. dr. R.J. Baatenburg de Jong, Prof. dr. J.A. Castelijns, Prof. dr. P. 
Kessler en Prof. dr. Ph. Lambin ben ik zeer erkentelijk voor het beoordelen en 
goedkeuren van dit proefschrift. 
 
Dr. L.M. Kingma, mijn opleider. Beste Lucas, dank voor de mogelijkheid om de 
opleiding radiologie te starten in het Westeinde ziekenhuis. Zonder dat zou ik nu 
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